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ABsTRACT—In part five the genera Paralegoceras and Pseudoparalegoceras of the 
Lower Pennsylvanian are restudied. The name Diaboloceras (genotype, D. vari- 
costatum, n. sp.) is proposed for intermediate forms from Oklahoma and Texas; 
and the occurrence of triangular coiling in this group is discussed. Also, the genus 
Dunbarites is established for Paralegoceras rectilaterale Miller of the Gaptank for- 
mation of west Texas. 

Part six deals with representatives of Prouddenites, Schistoceras, and Eoasianites, 
which are illustrated and described from the middle part of the Missouri series at 
Kansas City, Missouri. Most of the specimens are from nodules in the Muncie 
Creek shale member of the Iola formation. The occurrence of Prouddenites is dis- 
cussed, and two new varietal names are proposed. 

In part seven Eoasianites merriami, n. sp., is illustrated and described from the 


Upper Mills Ranch inlier of Crook County, Oregon. 


V. THE PENNSYLVANIAN AMMONOID 
GENUS PARALEGOCERAS AND 
RELATED FORMS 


——— is a distinctive form that 
occurs widespread in the Lower Penn- 
sylvanian of the Mid-Continent region. 
The genus was established by Hyatt in 
1884, and since that time numerous species 
have been referred to it. Nevertheless, the 
genus has never been carefully delimited or 
correctly interpreted, largely because of 
insufficient knowledge in regard to its 
genoholotype. However, the type specimen 
on which the type species is based was 
loaned to us for study by Prof. A. H. Sut- 
ton, and it is moderately well preserved 
though somewhat crushed laterally. This 
holotype elucidates most of the significant 
characters of the genus. A detailed study 
of this important specimen, together with 
closely related forms, has yielded a prac- 
ticable understanding of the genus. 


Genus PARALEGOCERAS Hyatt, 1884 


Conch subdiscoidal and large, attaining 
a diameter of as much as 150 mm. Um- 
bilicus moderately large. Lateral zones of 
conch bear prominent transverse ribs or 
nodes during adolescence. Early volutions 
of conch triangularly coiled. Sutures form 
a total of 10 lobes, five of which are external 
in position whereas five are internal. Yen- 
tral lobe is very prominently subdivided, 
but all the rest are simple and pointed. 

The triangular coiling of the early volu- 
tions of the conch is perhaps the most un- 
usual feature of this genus. A somewhat 
similar coiling has been found to be char- 
acteristic of three groups of the Devonian 
clymenids (Schindewolf, 1937). Of these, 
Soliclymenia paradoxa (Miinster) bears a 
striking resemblance to immature repre- 
sentatives of Paralegoceras. Schindewolf 
has found that in the clymenids, at first, 
the tendency toward triangular coiling af- 
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fects only the innermost volutions of the 
conch, but in more advanced forms addi- 
tional volutions become triangularly coiled. 
In the Pennsylvanian specimens which we 
are studying, only the inner volutions are 
strongly triangular, and in the outer volu- 
tions, the coiling gradually becomes regular. 
At least incipient triangular coiling, com- 
parable to that shown by Soliclymenia semi- 
paradoxa Schindewolf, is clearly discernible 
in immature representatives of Gastrioceras 
brannerit Smith in our collections from the 
basal Pennsylvanian of Arkansas, and the 
same is true of the closely similar Chinese 
specimens illustrated by Yin (1935, pl. 4, 
figs. la, 2). This trend toward triangular 
coiling in the Pennsylvanian gastrioceratids 
culminated in Paralegoceras. 

Diaboloceras, which is intermediate be- 
tween Gastrioceras and Paralegoceras, is 
represented in our collections from the 
Atoka of Oklahoma by a single specimen 
showing moderately developed triangular 
coiling of the early volutions. In the outer 
volutions of Soliclymenia paradoxa the 
angularity of the whorls becomes somewhat 
less pronounced, and in slightly larger rep- 
resentatives of Paralegoceras the coiling of 
the whorls becomes regular. Triangularly 
coiled clymenids have been found in the 
Devonian at several rather widely separated 
localities in Europe, and in the Penn- 
sylvanian comparable representatives of 
Paralegoceras are known from Iowa, Ar- 
kansas, Oklahoma, and Texas in the United 
States and from Slovakia in central Europe. 
It should, of course, be understood that 
the clymenids became extinct at the end 
of the Devonian and are not related to 
Paralegoceras; the development of triangu- 
lar coiling in the two stocks is merely a 
remarkable case of parallel development. 
Comparable adolescent triangular coiling 
has been observed by Spath in some 
répresentatives of Schloenbachia of the 
Cretaceous. Several paleontologists, for ex- 
ample, Frech, Croneis, Plummer and Scott, 
and Schindewolf, have speculated as to the 
significance of the triangular coiling. Since, 
in some cases, this coiling is limited to the 
inner volutions of the conch, it might be 
assumed that the ancestors of these forms 
were triangular at maturity. However, as 
emphasized by Schindewolf, the triangular- 


ity is in no case known to be limited to the 
outer volutions of the conch, and it be- 
comes more pronounced in advanced forms, 
It therefore seems that Paralegoceras may 
have prominently triangular descendants 
but not ancestors. This conclusion is quite 
in accord with the principles of protero- 
genesis, outlined by Spath and Schindewolf, 
which postulate that, in some cases, ad- 
vanced characters first appear during 
adolescence and then gradually encroach 
on the mature stages. This theory has been 
well illustrated in the group of Macro- 
cephalites of the Jurassic. It seems to be 
well founded insofar as Paralegoceras is 
concerned, but that form is an exception 
among Paleozoic ammonoids to which the 
recapitulatory principle generally is ap- 
plicable. 

We are eliminating from Paralegoceras 
all of the North American forms that have 
been referred to it except the genotype and 
Goniatites texanus Shumard (and _ syno- 
nyms). In both of these species the early 
volutions of the conch are prominently 
nodose and are triangularly coiled, but in 
P. texanum at maturity the umbilicus is 
larger and the ornamentation is stronger 
than in the genotype. P. texanum is the 
genotype of Bendoceras, which we regard 
as a synonym of Paralegoceras. The sutures 
of Paralegoceras form one more pair of 
lobes than do those of Pseudoparalegoceras 
and two less pairs than do those of the 
related genus Schtistoceras. The Permian 
genus Metalegoceras, which is superficially 
similar to Paralegoceras, but which de- 
veloped directly from Eoasianites, has su- 
tures that form one more pair of lobes than 
do those of Paralegoceras. The available 
data in regard to Pintoceras are perhaps 
insufficient to differentiate it from Para- 
legoceras; however, the only known speci- 
men belonging in that genus, which has not 
been illustrated or described in detail, came 
from a higher horizon in the Pennsylvanian 
than any form known to be referable to 
Paralegoceras. The affinities of Paralegoceras 
discus Smith, which is of intermediate strat- 
igraphic position, are very uncertain. Di- 
aboloceras and Dunbarites, which resemble 
Paralegoceras in certain respects, are de- 
scribed in detail below. 

Both of the American species now defi- 
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Fic, 1.—Mature sutures of the genotypes of Pseudoparalegoceras, Diaboloceras, 

Paralegoceras, and Schistoceras. 

(A) Pseudoparalegoceras russiense (Tzwetaev), X1; based on a specimen from 
the Moscovian of the Moscow area, U.S.S.R. Adapted from Karpinsky. 

(B) Diaboloceras varicostatum Miller and Furnish, n. sp., at a diameter of some 
55 mm., X24; based on a syntype (pl. 63, figs. 8-10) from the Magdalena 
formation of the Sierra Diablo, Culberson County, Texas. 

(C) Se towense (Meek and Worthen) at a diameter of about 80 mm., 
X14; based on the holotype from the Cherokee formation of Wapello 
County, Iowa. Details of internal sutures in part restored. 

(D) Schistoceras hyatti Smith at a diameter of about 50 mm., X2; based on 
specimens from the Graham formation of Jack County, Texas (John 
Britts Owen collection at State University of Iowa, 14000). 
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nitely referred to Paralegoceras occur in the 
lower Atoka of Arkansas and Oklahoma 
and in the Smithwick of north-central 
Texas. Also, a single representative of P. 
iowense, the holotype, has been found in 
the lower Cherokee of southern Iowa. In 
all four of these states the containing beds 
appear to be of about the same age. Para- 
legoceras discus Smith, from a somewhat 
higher horizon, the Buckhorn asphalt is so 
poorly known that we are uncertain in re- 
gard to its generic affinities. A cephalopod 
fauna similar to that of the Atoka and the 
Smithwick, is known from the Amotape 
Mountains of northwestern Peru; some of 
the forms obtained there may belong in 
Paralegoceras, but their affinities can not 
be determined with certainty from the 
published data. Also, the specimen from 
the ‘“‘Westphalien”’ of northwestern Africa 
which Menchikoff (1930, p. 199, pl. 16, 
figs. 3a, 3b) illustrated and described as 
“Gastrioceras sp.’’ probably belongs in 
Paralegoceras. Plummer and Scott’s figure 
14 on their plate 19 of 1937 is a typical 
Paralegoceras suture and is stated to be 
based on a specimen of some 24 mm. di- 
ameter from the Graham formation of north- 
central Texas. This illustration can be said 
to indicate that Paralegoceras may occur in 
the Graham, but we think that it probably 
was based on a worn specimen of Schisto- 
ceras. 


PARALEGOCERAS IOWENSE 
(Meek and Worthen) 
Plate 62, figures 1-3 


Goniatites iowensis MEEK and WorTHEN, 1860, 
Acad. Nat. Sci. Philadelphia, Proc., 1860, p. 
471; 1866, Illinois Geol. Survey, vol. 2, pp. 
392-393, pl. 30, figs. 3a—3c. 

Paralegoceras iowense Hyatt, 1884, Boston Soc. 
Nat. History Proc., vol. 22, p. 327; Smitu, 
1896, Am. Philos. Soc., Proc., vol. 35, pp. 263- 
265, pl. 19, figs. 1-3b; Smit, 1903 [part], U.S. 
Geol. Survey, Mon. 42, pp. 100-101, pl. 4, 
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figs. 12-14 [not pl. 9, figs. 4-7]; Girty, 1919 
[part], Am. Assoc. Petroleum Geologists, Bull., 
vol. 3, p. 72; SELLARDs, 1932, Texas Geol. 
Survey, Bull. 3232, pl. 6, figs. 17, 18; PLUMMER 
and Scott, 1937, Texas Univ. Bull. 3701, pp. 
195, 198, 199-200, 211, pl. 18, figs. 8, 9. 

Paralegoceras newsomi SmitH, 1904, U. S. Geol. 
Survey, Mon. 42, pp. 101-104, pl. 12, figs. 4-9. 

Paralegoceras sp. CRONEIs, 1930 [part], Science, 
n. ser., vol. 72, p. 534; (?) PLUMMER and 
Scott, 1937, Texas Univ. Bull. 3701, p. 212. 
Bendoceras texanum PLUMMER and Scott, 1937 
[part], Texas Univ. Bull. 3701, pp. 210-215 
{not pl. 12, figs. 1-7]. 


This species was based on a single speci- 
men, which is the only American representa- 
tive of the genus known from areas north of 
Oklahoma. This specimen is crushed later- 
ally, but it elucidates most of the significant 
characters of the genus and species. The 
illustrated side of the specimen is moder- 
ately well preserved and only slightly 
crushed, but the other side is greatly 
crushed and for the most part is not re- 
moved from the matrix. The previously 
published diagrammatic ventral outline of 
this specimen is based on the present shape 
of the illustrated side of the conch and is 
probably much too narrow. The specimen 
is septate throughout and, perhaps in its ex- 
treme adoral portion, represents phragma- 
cone. Its maximum diameter measures about 
107 mm. 

Portions of the test preserved on the 
holotype show that at least the outer one 
and one-third volutions of that specimen 
are devoid of prominent ornamentation. 
Meek and Worthen’s published drawing of 
this specimen shows about two and one- 
half volutions exposed in the umbilicus, but 
as a matter of fact, only about one and 
one-third volutions are visible. Further- 
more, the crushing that the specimen has 
undergone has caused the exposed portion 
of the penultimate whorl to appear wider 
than it was originally. A pyritized fragment 


EXPLANATION OF PLATE 62 


Fics. 1-3—Paralegoceras iowense (Meek and Worthen). /, Lateral view, X1, of a mature s 


cimen; 


2, Lateral view, X2, of an immature specimen, both from the Smithwick shale near Rochelle, 
Texas; 3, Lateral view, X?, of the holotype, from the Cherokee of Wapello County, Iowa. 


(p. 524) 


4-7—Paralegoceras texanum (Shumard). 4, 5, Two views, X2, of a moderate-sized specimen; 
6, Ventral view, X 1}, of a testiferous specimen; 7, Lateral view, X 1, of a mature individual; 


all from the lower Atoka formation near Clarita, Oklahoma. 


(p. 526) 


8—Pseudoparalegoceras brazoense Plummer and Scott. Lateral view, Xj, of a well-preserved 


specimen from the Magdalena formation near Rowe, New Mexico. 


(p. 529) 
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of a whorl, representing about half of a 
volution of the conch at a diameter of about 
4 mm., is preserved near the center of the 
umbilicus. It shows clearly that the inner 
whorls are triangularly coiled and are 
marked by prominent ornamentation, which 
consists of umbilical nodes or ribs on the 
internal mold. The fragment under con- 
sideration is insufficient to elucidate the 
precise nature of the inner whorls, but it 
shows conclusively that they are like those 
of well-preserved congeneric forms known 
from Arkansas, Oklahoma, and Texas. 

The illustrations of sutures of the holo- 
type which have been published previously 
are not accurate in detail. As shown by 
text figure 1, near the midlength of the 
outer volution of the holotype, each suture 
consists of a total of 10 lobes, only one of 
which (the ventral lobe) is divided. The 
subdivisions of the ventral lobe are of about 
the same size as the first lateral lobes. The 
second lateral lobes are located on the flanks 
of the conch ventrad of the umbilical shoul- 
ders. The dorsal lobe and the first lateral 
lobes of the internal sutures are deep and 
narrow. The second lateral lobes of the in- 
ternal sutures are located dorsad of the 
umbilical seams. The lobes which Plummer 
and Scott thought they observed on the 
umbilical walls do not exist. 

Remarks.—Insofar as we have been able 
to ascertain, the holotype of this species 
can not be differentiated specifically from 
specimens that occur in the Atoka of Ar- 
kansas and Oklahoma and in the Smithwick 
of north-central Texas. The Atoka and the 
Smithwick carry in addition similar forms 
that can be differentiated only by their 
wider umbilicus and stronger ornamenta- 
tion. In both of these formations there is 
more or less gradation between these two 


525 


types of shells. Nevertheless, the two types 
appear to differ sufficiently to be regarded 
as distinct species, and we are retaining the 
name Paralegoceras texanum (Shumard) for 
the widely umbilicated strongly ornamented 
forms. The features that characterize P. 
texanum are relatively primitive, but ap- 
parently there is no chronological difference 
between P. texanum and P. iowense. The 
only other congeneric form known is P. 
nopcsai (Rakusz) of the upper Namurian 
of Slovakia, and it resembles P. texanum 
more closely than P. iowense. 
Occurrence.—The holotype of this species 
was collected over 80 years ago near Alpine, 
an abandoned town in Wapello County, 
south of Ottumwa, Iowa, probably from 
the lower Cherokee. J. P. Smith has fig- 
ured from the lower Atoka near Morrill- 
ton, Conway County, Arkansas, a specimen 
which exhibits the characteristics of this 
species as interpreted by us. Although 
Smith made this specimen the type of a 
new species, Paralegoceras newsomi, he first 
regarded it as referable to P. iowense, and 
later stated that it differed from that species 
only in the shape of its conch. Also, we have 
a conspecific specimen from the lower 
Atoka just north of Clarita, Oklahoma (sec. 
2, T. 1 S., R. 8 E.), and at least two speci- 
mens that can be referred to this species 
from the Smithwick shale about 3} miles 
east of Rochelle, McCulloch County, Texas. 
Furthermore, it seems likely that in this 
species belong some of the specimens that 
Croneis studied from the Atoka of Arkansas 
and Oklahoma and some of those that 
Plummer and Scott studied from the Smith- 
wick of north-central Texas. 
Types.—University of Illinois, 11098 
(holotype); State University of lowa, 1414 
(pl. 62, figs. 1, 2); and John Britts Owen 


EXPLANATION OF PLATE 63 


Fics. 1~5—Dunbarites rectilateralis (Miller). 1, 2, Lateral and ventral views, X3, of a syntype; 
3-5, Three views, X3, of the other syntype; both from the upper Gaptank formation in 


the Glass Mountain region of west Texas. 


(p. 532) 


6-10—Diaboloceras varicostatum Miller and Furnish, n. sp. 6, 7, Lateral and ventral views, X23, 
of a small specimen; 8-10, Lateral and ventral views, X14, and enlarged view of surface 


ornamentation, <4, of another syntype; 
of th 


formation near the eastern margin 


both from the Smithwick horizon in the Magdalena 
e Sierra Diablo of west Texas. 


p. 527) 


11, 12—Pseudoparalegoceras bellilineatum Miller and Furnish, n. sp. Ventral and lateral views, 
X1, of the largest of the syntypes; from the same horizon and locality as the i 83)) 
p. 


13, 14—Pseudoparalegoceras brazoense Plummer and Scott. Lateral and ventral views, rig os 
p. 


specimen from the Boggy formation east of Ada, Oklahoma. 


collection at State University of Iowa, 
13999. 


PARALEGOCERAS TEXANUM (Shumard) 
Plate 62, figures 4-7 

Goniatites texanus SHUMARD, 1863, St. Louis 
Acad. Sci., Trans., vol. 2, p. 109. 

Paralegoceras iowense Hyatt, 1893, Texas Geol. 
Survey, Ann. Rept. 4, p. 474; SmituH, 1903 
[part], U. S. Geol. Survey, Mon. 42, pp. 100- 
101, pl. 9, figs. 4-7 [not pl. 4, figs. 12-14]; 
Grirty, 1919 [part], Am. Assoc. Petroleum 
Geologists, Bull., vol. 3, p. 72. 

Paralegoceras texanum SmitH, 1903, U. S. Geol. 
Survey, Mon. 42, p. 104. 

Paralegoceras n. sp. PLUMMER and Moore, 1921, 
Texas Univ. Bull. 2132, p. 58. 

Paralegoceras sp. PLUMMER and Moore, /921/, 
Texas Univ. Bull. 2132, p. 58; CRoNEIs, 1930 
[part], Science, n. ser., vol. 72, p. 534; (?) 
PLUMMER and Scott, 1937, Texas Univ. Bull. 
3701, p. 212. 

Bendoceras texcanum PLUMMER and Scott, 1937 
[part?], Texas Univ. Bull. 3701, pp. 15, 29, 30, 
33, 209, 210-215, pl. 12, figs. 1-7. 

Bendoceras shumardt PLUMMER and Scott, 1937 
[part], Texas Univ. Bull. 3701, pp. 15, 209, 
215-216, pl. 11, figs. 10-12 [not 8, 9]. 

Bendoceras moorei PLUMMER and Scott, 1937 
[part], Texas Univ. Bull. 3701, pp. 15, 33, 209, 
216-217, pl. 11, figs. 14-16. 

Paralegoceras hyatti Moore [in PLUMMER and 
Scott], 1937, Texas Univ. Bull. 3701, p. 210. 

Bendoceras n. sp. PLUMMER and Scott, 1937, 
Texas Univ. Bull. 3701, p. 213, pl. 12, fig. 8. 
The holotype of this species, which was 

never figured, has probably been lost. 

Plummer and Scott’s neoholoty pe resembles 

typical P. towense but differs particularly 

in that it has a large umbilicus and promi- 
nent ornamentation in the form of umbilical 
ribs. We have not been able to distinguish 
small representatives of these two species. 
However, in specimens of a diameter of 
some 50-100 mm., the diameter of the um- 
bilicus in P. iowense is about one-fourth 
that of the conch, whereas in P. texanum 
it is about two-fifths. Apparently, the conch 
of P. texanum bears umbilical ribs through- 
out ontogenetic development, though these 
gradually become somewhat less prominent 
on the adoral portion of large individuals. 

In P. towense comparable ribs are present 

during early adolescence, but they are lost 

as the conch approaches maturity. The 
available information in regard to the size 
of the conch, at which the ribs are lost in 

P. iowense, is not very satisfactory, but it 

can be stated that in the holotype they 

disappear after the diameter of the conch 
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is more than 4 mm. and before it is as much 
as 45 mm. In the specimen represented by 
figure 1 on plate 62, in another figured by 
J. P. Smith as P. newsomi, and in a con- 
specific specimen in our collections from 
the lower Atoka near Clarita, Oklahoma, 
these ribs are lost after the diameter of the 
conch is more than 20 mm. and before it is 
40 mm. 

During early adolescence the conch is 
strongly evolute, and the development of 
the sutures resembles that in the genus 
Gastrioceras. As shown by text figure 2A, 
at a diameter of some 8 mm. a Gastrioceras 
stage of development is attained. By the 
time the conch has become some 15 mm. 
in diameter a pair of incipient lobes has 
been developed on the umbilical seams and 
the sutures resemble those of Diaboloceras 
(text figure 2B). 

Bendoceras shumardi Plummer and Scott 
and B. moorei Plummer and Scott appear, 
in each case, to have been based on singu- 
larly poor specimens. The published illustra- 
tions of B. shumardi indicate that that form 
cannot be distinguished from Paralegoceras 
texanum. Plummer and Scott’s suture draw- 
ing of the holotype of ‘‘B. shumardz’’ does 
not show ‘‘an extra lobe and an extra sad- 
dle . . . near or on the umbilical shoulders,” 
which is alleged to be the distinguishing 
character of their new species; on the con- 
trary, the suture is represented as having 
the same number of elements as does that 
of P. texanum. The only known representa- 
tive of ‘‘B. moorei”’ is shown by the pub- 
lished illustrations to be badly crushed. 
Plummer and Scott’s diagrammatic repre- 
sentation of its sutures is indeed unique but 
suggests that it is based on the ventral por- 
tion of the penultimate volution and the 
lateral portion of the ultimate volution. 
Plummer and Scott state that the ‘‘sculp- 
ture and appearance”’ of this holotype are 
similar to those of P. texanum, and if our 
belief in regard to their interpretation of 
the sutures is correct, the two are con- 
specific. 

Occurrence.—All of the specimens that 
have been illustrated and described previ- 
ously as representing this species, including 
the holotype and the neoholotype, came 
from the Smithwick shale near Bend, San 
Saba County, Texas. We are also referring 
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to it the holotypes of Bendoceras moorei 
and B. shumardi, which came from the 
Smithwick about 33 miles east of Rochelle, 
McCulloch County, Texas. In addition, we 
have numerous conspecific specimens from 
the lower Atoka near Clarita, Oklahoma, 
and from about 3 miles southeast of Jessie, 
Oklahoma. 

The specimen from the lower Atoka 
near Fayetteville, Arkansas, which in 1937 
Plummer and Scott (pl. 12, fig. 8) illustrated 
as Bendoceras n. sp., is probably referable 
to this species. Finally, we have an im- 
mature specimen that probably represents 
this species from the same general horizon 
in a black shale about 4850 feet below the 
surface in sec. 27, T. 2 N., R. 8 E., Coal 
County, Oklahoma. 

Hypotypes.—John Britts Owen collection 
at State University of Iowa, 13996-13998 
(pl. 62, figs. 4-7), 13994, 13995. 


Genus DIABOLOCERAS 
Miller and Furnish, n. gen. 


This genus is being established for forms 
that resemble typical Paralegoceras rather 
closely, but have somewhat more primitive 
sutures. In Paralegoceras,.each suture forms 
a total of 10 lobes, whereas in Diaboloceras 
each forms only eight lobes, though there is 
in addition an incipient pair on the um- 
bilical wall. Furthermore in Paralegoceras, 
the inner volutions of the conch show promi- 
nent triangular coiling, and the ornamenta- 
tion of the test becomes less conspicuous at 
maturity. It should, however, be empha- 
sized that Diaboloceras and Paralegoceras 
resemble each other so closely that unless 
the umbilical portions of the sutures are 
known, specimens of moderate size can not 
be distinguished. It would therefore seem 
justifiable to consider Diaboloceras as a sub- 
genus of Paralegoceras, and we would em- 
ploy it as such except for the cumbersome 
terminology involved. 

Externally Diaboloceras resembles Gas- 
trioceras branneri Smith and its affines, but 
these forms have only typical gastrioceratid 
sutures; that is, they lack the characteristic 
incipient lobes of Diaboloceras. The general 
form of the conch in Pseudoparalegoceras 
also is similar, but representatives of that 
genus lack the incipient lobes of the sutures, 
the prominent ornamentation at maturity, 


and a semblance of triangular coiling during 
adolescence. 

The only species that we are definitely 
referring to this genus is the genotype, D. 
varicostatum, which is known from the 
Smithwick horizon of the Magdalena in 
west Texas and from the Coody sandstone 
member of the lower Atoka in eastern Okla- 
homa. However, the ornamentation of 
Gastrioceras pacificum Thomas and G.? 
sp. (Thomas, 1928, pl. 11, fig. 2, 2a) of 
northwestern Peru suggests that they also 
belong in Diaboloceras. It seems probable 
that Thomas’ diagrammatic representation 
of the umbilical portion of the sutures of 
G. pacificum is not precisely accurate. 


DIABOLOCERAS VARICOSTATUM 
Miller and Furnish, n. sp. 
Plate 63, figures 6-10 

Bendoceras texanum PLUMMER, 1932, Am. Assoc. 
Petroleum Geologists, Bull., vol. 16, p. 486. 

Bendoceras shumardt PLUMMER and Scott, 1937 
[part], Texas Univ. Bull. 3701, pp. 215-216, 
pl. 11, figs. 8, 9 [not 10-12]. 

Bendoceras moorei PLUMMER and Scott, 1937 
[part], Texas Univ. Bull. 3701 pp. 216-217 
{not pl. 11, figs. 14-16]. 

Conch large, and phragmacone attains a 
diameter of at least 175 mm. A mature frag- 
ment in our collections is about 40 mm. high 
and 45 mm. wide. Umbilicus also large. 
One nearly complete specimen shows a tri- 
angularly coiled umbilicus during adoles- 
cence; however, the feature is not well de- 
veloped, and the species seems to be 
intermediate between Paralegoceras and 
some representatives of Gastrioceras in this 
respect. 

Surface of test is prominently reticulate 
as it bears both longitudinal and transverse 
lirae. Also during adolescence the umbilical 
zones bear prominent transverse ribs. We 
have a small specimen some 43 mm. in 
diameter which is strongly ribbed and 
evolute. At full maturity the lateral ribs 
become less pronounced but form promi- 
nent nodes on the umbilical shoulders. Dur- 
ing adolescence the growth-lines develop 
slight ventral sinuses which become much 
more prominent and almost subangular at 
maturity. At full maturity slight lateral 
sinuses are also developed. 

The shape of the sutures is shown by 
text figure 1B. It should be noted that the 
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prongs of the ventral lobe are much nar- 
rower than the first lateral lobes. The um- 
bilical lobe is slightly but distinctly outside 
the umbilical shoulder, and an incipient 
adventitious lobe is developed at maturity 
on the umbilical wall. 

Remarks.—The characteristic features of 
this species are its ornamentation and its 
sutures. The prominent ornamentation is 
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smithwickense Plummer and Scott may be 
closely related to the species under consider- 
ation. The figured specimens are fairly 
small and fragmentary, but the whorls are 
relatively low and broad. 
Occurrence.—The syntypes came from 
the Smithwick horizon in the Magdalena 
formation below the Permian Hueco con- 
glomerate at the base of the escarpment 


A 


Fic. 2.—Sutures of Paralegoceras texanum (Shumard) during ontogenetic development 
(A), Gastrioceras stage, at a diameter of about 8 mm., X12. (B), Diaboloceras stage, 
at a diameter of about 15 mm., X7. (C), Full maturity, at a diameter of about 60 
mm., X3; same specimen as pl. 62, fig. 7. 
Based on three specimens from the Atoka formation near Clarita, Oklahoma 
(John Britts Owen collection at State University of Iowa, 13995, 13998). 


retained even during late maturity. The 
sutures are unique in that they form in- 
cipient lobes on the umbilical walls; the 
sutures of Paralegoceras texanum pass 
through a similar stage at some 15 mm. di- 
ameter. However in that species the incipi- 
ent lobes appear on the umbilical seams 
rather than outside of them. The position 
of the lobes in simple sutures of this type 
is determined to a large extent by the shape 
of the conch. 

Diaboloceras? pacificum of northwestern 
Peru appears to be very similar to D. 
varicostatum but its sutures as figured by 
Thomas differ appreciably. Gastrioceras 


about } mile north of the outer Marble 
Canyon intrusion in the Sierra Diablo of 
Culberson County, Texas. We have con- 
specific specimens from the Coody sand- 
stone member of the lower Atoka near the 
top of Braggs Mountain south of Ft. Gibson 
and southeast of Muskogee, Oklahoma. 
Numerous representatives of this species 
have been collected from the Sierra Diablo 
but no associated forms referable to 
Paralegoceras are known. It therefore seems 
probable that the specimens identified by 
Plummer and Scott from this locality as 
Bendoceras shumardi and B. moorei are 
actually conspecific with Diaboloceras vari- 
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costatum. The holotypes of both of those 
“species” are from north-central Texas. 

Syntypes.—State University of Iowa, 
1415 (pl. 2, figs. 6, 7), 1416 (pl. 63, figs. 
8-10), 1417. 


Genus PSEUDOPARALEGOCERAS 
Miller, 1934 


Conch large and at maturity is sub- 
discoidal. Umbilicus large. Ornamentation 
consists of growth lines and in some cases 
faint longitudinal lirae on the ventral por- 
tion of the conch. Also, the internal mold 
shows prominent transverse constrictions, 
which form deep ventral sinuses. Sutures 
form a total of eight lobes, one of which, the 
ventral lobe, is bifid. All of the lobes are 
pointed and the subdivisions of the ventral 
lobe are of the same general size as the 
first lateral lobes. 

The umbilical lobe lies outside the um- 
bilical shoulder, on the umbilical shoulder, 
or on the umbilical walls. The exact position 
of this lobe is largely a factor of the shape 
of the conch. In typical species, this lobe 
assumes a position outside the umbilical 
shoulder only after the conch has attained 
a fairly large size. In the specimen repre- 
sented by figure 8 on plate 1, this lobe does 
not migrate to a position outside the um- 
bilical shoulder until the conch has attained 
a diameter of some 35 mm. In the genotype 
of Phaneroceras, the umbilical lobe does not 
assume a position on the lateral portion of 
the conch even during late maturity. In 
gastrioceratids of this general type, the 
number of sutural elements is stable, but 
the shape of the conch is quite variable. 
Even major changes in the shape of the 
conch affect only the position and not the 
number of the sutural elements. A very 
similar relationship has been observed in 
the paraceltitids of the Permian and the 
lecanitids of the Triassic, in which a simple 
stabilized suture persists with only the 
position of the lobes being affected by 
changes in the shape of the conch. Typi- 
cal Phaneroceras and typical Pseudo- 
paralegoceras occur in association, and only 
fully mature representatives of them can 
be distinguished. Furthermore, the differ- 
ences between them are not of fundamental 
importance and, therefore, we are sup- 
pressing Phaneroceras as a synonym of 


Pseudoparalegoceras, which has priority. 
Eoparalegoceras Delepine is, as its author 
noted, very close to Pseudoparalegoceras, 
and we are inclined to believe that it should 
not be differentiated. Strawnoceras Plummer 
and Scott, which was inadvertently intro- 
duced as a nomen nudum in 1935 (Texas 
Univ. Bull. 3534, p. 20) is also a synonym of 
Pseudoparalegoceras. Typical Gastrioceras 
can be distinguished from Pseudoparalego- 
ceras by its relatively low and broad whorls 
and by the prominent ornamentation of its 
conch. The group of Gastrioceras branneri, 
which includes such forms as G. rurae 
Schmidt ana G. reticulatum Yin, resembles 
Pseudoparalegoceras insofar as the shape of 
the conch is concerned, but possesses the 
prominently ornamented test of Gastrioceras. 
In this group the subdivisions of the ventral 
lobe are relatively narrow as in Diaboloceras. 
It seems probable that Paralegoceras de- 
veloped directly from Gastrioceras through 
Diaboloceras rather than from Pseudo- 
paralegoceras. 

Representatives of this genus are known 
from the Moscovian (Lower Pennsy!- 
vanian) near Podolsk, south of Moscow, 
U. S. S. R.; the ‘‘Westphalien” of the 
Kenadza Basin in Northwestern Africa; the 
Lower Pennsylvanian of the Amotape Moun- 
tains of northwestern Peru; the Morrow, 
Atoka, and Boggy formations of the Okla- 
homa-Arkansas region; the Marble Falls, 
Smithwick, and lower Millsap Lake of north- 
central Texas; and the Smithwick horizon of 
the Magdalena of west Texas and central 
New Mexico. 


PSEUDOPARALEGOCERAS BRAZOENSE 
Plummer and Scott 
Plate 62, figure 8; plate 63, 
figures 13, 14 

Strawnoceras brazoense PLUMMER and Scott, 

nomen nudum, 1935, Texas Univ. Bull. 3534, 

p. 20. 
Pseudoparalegoceras brazoense PLUMMER and 


Scott, 1937, Texas Univ. Bull. 3701, pp. 15, 
16, 192, 196-197, pl. 10, figs. 10-14. 


Plummer and Scott based this species on 
poorly preserved specimens, some of which 
attained a very large size. The umbilicus 
is moderately large and is equal to about 
two-fifths the diameter of the specimen. 
The original types are all internal molds 
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- Fic. 3.—Sutures of Gastrioceras, Pseudoparalegoceras, and Diaboloceras. 

(A) Gastrioceras branneri Smith at a diameter of about 60 mm., X2; based on a 
specimen from the Hale sandstone southwest of Harrison, Arkansas (State 
University of Iowa, 1975). 

(B) Pseudoparalegoceras compressum (Hyatt) at a diameter of about 50 mm., X2} 
based on a specimen from the Atoka formation near Winslow, Arkansas (John 
Britts Owen collection. at State University of Iowa, 13991). 

(C) Pseudoparalegoceras bellilineatum Miller and Furnish, n. sp., at a diameter of 
about 60 mm., X14; based on a syntype from the Magdalena formation of the 
Sierra Diablo, Culberson County, Texas; same specimen as pl. 63, figs. 11, 12. 

(D) Pseudoparalegoceras brazoense Plummer and Scott at a diameter of about 75 
mm., X13; based on a specimen from the Magdalena formation of San Miguel 
County, New Mexico; same specimen as pl. 62, fig. 8. 

(E) Dtaboloceras varicostatum Miller and Furnish, n. sp., at a diameter of about 50 
mm.,X3; based on a specimen from the lower Atoka formation on Braggs Moun- 
tain southeast of Muskogee, Oklahoma (State University of Iowa, 1418). 
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which have transverse constrictions that 
form a prominent ventral sinus. 

We have two specimens that appear to 
be referable to this species. One of them, 
which came from the Boggy formation of 
Oklahoma, is the internal mold of the 
phragmacone of a mature individual. All 
of its characters coincide with those of the 
original types. The second specimen that 
we are referring to this species came from 
the Magdalena formation of New Mexico. 
It is a well-preserved internal mold, which 
is septate throughout. One side of it is 
largely eroded away, and therefore the 
width of the conch can not be determined. 
Small fragments of the test adhering to 
this specimen show that the growth lines 
are rather faint, and that they form a 
rather deep rounded ventral sinus. The 
internal mold, but not the exterior of the 
test, bears transverse constrictions, which 
form a rather deep ventral sinus. The 
shape of the sutures of this specimen are 
shown by text figure 3D. 

This species resembles closely Pseudo- 
paralegoceras russiense (Tzwetaev) of the 
Moscovian of Podolsk, U.S. S. R., the geno- 
type of Pseudoparalegoceras. We are not able 
to point out any characters that can be used 
to differentiate these two species, though a 
direct comparison of specimens might reveal 
significant differences. P. bellilineatum dif- 
fers in that its conch is narrower and its 
test is more prominently ornamented. 

Occurrence.—The original type speci- 
mens all came from below the Kickapoo 
Falls limestone near the base of the Millsap 
Lake formation in northern Hood County, 
Texas. One of the specimens discussed 
above was collected by John Fitts from the 
Boggy formation east of Ada, Oklahoma. 
The other was collected by I. A. Keyte in 
1928 from the Magdalena formation near 
Rowe, San Miguel County, New Mexico, 
‘fon the Pecos River, 1.4 miles from the 
highway in sandstone and limestone near 
the base of a thick sandstone.”’ The avail- 
able information seems to indicate that at 
all three of the localities at which this 
species occurs, the containing beds are of 
lower Des Moines age. From the Buckhorn 
asphalt (upper Des Moines) south of Sul- 
phur, Murray County, Oklahoma, we have 
a moderately well preserved specimen 


(State Univ. Iowa, 1432) some 100 mm. in 
diameter, which is closely similar to P. 
brazoense and may be conspecific with it. 

Hypotypes——John Britts Owen collection 
at State University of lowa, 13993 (pl. 62, 
fig. 8) and 13992 (pl. 63, figs. 13, 14). 


PSEUDOPARALEGOCERAS BELLILINEATUM 
Miller and Furnish, n. sp. 
Plate 63, figures 11, 12 
Phaneroceras lenticulare PLUMMER and Scott, 

1937 [part], Texas Univ. Bull. 3701, pp. 193- 

194, pl. 10, fig. 8 [not figs. 1-7, 9]. 

Among the numerous specimens of Pseu- 
doparalegoceras in our collections from the 
Magdalena formation of the Sierra Diablo, 
there are a few that have relatively promi- 
nent ornamentation and sutures in which 
the prongs of the ventral lobe are relatively 
narrow. In the largest of these, which 
represents a mature portion of a phrag- 
macone of some 65 mm. diameter, the 
conch is about 28 mm. high and some 26 
mm. wide. At full maturity the lateral 
zones of the conch are rather strongly 
flattened. The size of the umbilicus appears 
to be about average for the genus. 

The surface of the test is marked by 
rather prominent growth lines, which form 
deep rounded ventral and lateral sinuses. 
Also, on the ventral zones of the conch 
there are longitudinal lirae which, however, 
are not as prominent as the growth lines. 
None of the specimens on which we are 
basing this species is marked by transverse 
constrictions. 

The shape of the sutures is represented 
by text figure 3C. It should be noted that 
the subdivisions of the ventral lobe are 
relatively narrow for this genus and that, 
as in the genotype, the umbilical lobes 
center just outside the umbilical shoulders. 

Remarks.—Presumably most of the rep- 
resentatives of Pseudoparalegoceras which 
occur in the Magdalena of the Sierra 
Diablo are referable to P. lenticulare 
(Plummer and Scott) and P. compressum 
(Hyatt). Since immature representatives of 
these species probably can not be distin- 
guished from each other or from P. bel- 
lilineatum, we are not referring any of the 
small specimens in our collections to the 
species just described. At least one of the 
specimens illustrated by Plummer and 
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Scott (1937, pl. 10, fig. 8) as Phaneroceras 
lenticulare seems to be referable to this 
species. 

Occurrence-—Smithwick horizon in the 
Magdalena formation, about _ one-fourth 
mile north of the outer Marble Canyon in- 
trusion in the Sierra Diablo of Culberson 
County, Texas. The figured specimen was 
collected by John Emerly Adams. 

Syntypes.—State University of Iowa, 
1420 (figured specimen) and 1421 (un- 
figured specimens). 


Genus DUNBARITES 
Miller and Furnish, n. gen. 


Genotype: Dunbarites rectilateralis (Miller) 


Conch discoidal and whorls flattened 
laterally and ventrally. Umbilicus moder- 
ately large. Test essentially smooth but 
bears transverse constrictions, which are 
deepened laterally. Sutures form a total 
of 10 lobes, the ventral one of which is 
prominently subdivided. 

Dunbarites bears some resemblance to 
Paralegoceras in the form of its sutures. 
Apparently, however, this is only superficial, 
for Dunbarites seems to have evolved from 
Eoasianites late in the Pennsylvanian long 
after Paralegoceras had become extinct. 
Paralegoceras attains a much greater size, 
and the form and ornamentation of its 
conch are entirely different. 

Dunbarites is probably more closely re- 
lated to Emilites than to any other genus, 
and the two occur at the same general 
horizon and in the same general area. How- 
ever in Emilites the conch is globular and 
the umbilicus is small. Ruzencev has re- 
ferred Emilites to the Adrianitidae, and it 
and Dunbarites may have given rise to that 
Permian family. 

The type species, D. rectilateralis, which 
is the only known representative of the 
genus, has been found at only a single lo- 
cality in the Gaptank formation of the Glass 
Mountain region in west Texas. 
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DUNBARITES RECTILATERALIS (Miller) 
Plate 63, figures 1-5 


Paralegoceras rectilaterale MILLER, 1930, Jour. 
Paleontology, vol. 4, pp. 402-403, pl. 38, figs. 
12-14; PLUMMER and Scott, 1937, Texas Univ. 
Bull. 3701, pp. 22, 34, 198, 200; KinG, 1938, 
U. S. Geol. Survey, Prof. Paper 187, p. 80; 
MILLER and Furnisu, 1940, Geol. Soc. Amer- 
ica, Spec. Paper 26, p. 103. 

Plummerites? rectilaterale MILLER and FuRNIsH, 
1940, Geol. Soc. America, Spec. Paper 26, p. 13. 


Both of the syntypes of this species repre- 
sent the phragmacone and the adapical por- 
tion of the living chamber. In each, the 
phragmacone attains a maximum diameter 
of about 9 mm. The fact that both speci- 
mens are of essentially the same size sug- 
gests that they represent fully mature indi- 
viduals. No forms that are at all similar 
were found in the abundant associated 
fauna. 

Transverse constrictions on these speci- 
mens are more prominent on the internal 
mold than on the exterior of the test. One of 
the specimens bears three of these constric- 
tions in its outer volution, and both of them 
appear to have a total of five in their outer 
two volutions. The constrictions form a 
flattened salient as they cross the ventral 
side of the conch, and on the lateral sides of 
the conch they slope apicad from the ven- 
ter. Near the center of the lateral zones of 
the conch the constrictions are deepened 
into rounded pit-like depressions. Compar- 
able lateral depressions occur in some ado- 
lescent representatives of Popanoceras but 
are not known to occur in other genera of 
Paleozoic ammonoids and presumably have 
no phylogenetic significance. 

As shown in text figure 4A, each suture 
forms a total of 10 lobes. The ventral lobe is 
prominently subdivided. The first lateral 
lobe, which centers on the ventrolateral 
shoulder of the conch, is relatively large and 
is narrowly rounded. The second lateral 
lobe, which is located outside the umbilical 
shoulder, is rather shallow and is subangu- 
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Fics. 1-7—Prouddenites primus kleihegei, n. var. 1-4, Two paratypes from the Nelagoney formation 
near Wild Horse, Oklahoma, both X2; 5, 6, A paratype from the Iola limestone at Kansas 
City, Missouri, X1; 7, The holotype from the same horizon and locality as the last, <1}. 


(p. 537) 


8-10—Prouddenites primus primus Miller. A specimen from the Winterset limestone at Kansas 


City, Missouri, X1}. 


(p. 535) 


11-12—Prouddenites primus clinei, n. var. The holotype from the Nellie Bly formation west 


of Sand Springs, Oklahoma, X1} 


(p. 536) 
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Fic. 4.—Sutures of the genotypes of Dunbarites and Emilites. 
(A) Dunbarites rectilateralis (Miller) at a diameter of about 10 mm., X10; based 
on one of the syntypes (pl. 63, figs. 1, 2) from the Gaptank formation south of 


Lenox, Brewster County, Texas. 


(B) Emilites incertus (Bése) at a diameter of about 10}mm., X6; based on a topo- 
type from the upper Gaptank formation at Wolf Camp in the Glass Mountains, 
Brewster County, Texas (Yale Peabody Museum, 16785). 


lar. The low broad saddle that extends across 
the umbilical wall is flattened and slightly 
depressed. The internal sutures consist of a 
narrow dorsal lobe and two pairs of smaller 
lobes. 

Occurrence.—Upper part of Gaptank for- 
mation (zone of Prouddeuites) about 4.5 
miles S. 15° E. of Lenox, Brewster County, 
Texas. 

Syntypes.—Yale 
12934. 


VI. A PROUDDENITES FAUNA FROM 
KANSAS CITY 


Peabody Museum, 


For some years Mr. J. B. Kleihege has 
been collecting fossils from phosphatic nod- 
ules in the Muncie Creek shale member of 
the Iola formation at Kansas City, Mis- 
souri. Most of them came from the Main 
Street cut near the Union Station south to 
about Twenty-seventh Street. During this 
work he has obtained representatives of sev- 
eral biologic groups, including fishes, arthro- 


pods, and a few cephalopods. The ammo- 
noids, which he loaned to us for study, are 
not particularly varied, but they are well- 
preserved, characteristic forms referable to 
the following species: 

Prouddenites primus kleihegei, n. var. 

Schistoceras hildrethi (Morton) 

Schistoceras missouriense (Miller and Fa- 

ber) 

Eoasianites sp. 

Furthermore, Mr. Kleihege has found 
Prouddenites primus primus in the Winter- 
set limestone at Kansas City, and the type 
specimens of Schistoceras missouriense and 
Eoasianites kansasensis came from the same 
area, Schistoceras missouriense is also rep- 
resented in the John Britts Owen collection 
from near Kansas City (pl. 65, figs. 8, 9). 

Typical Prouddenites appears to be char- 
acteristic of the middle and upper portions 
of the Missouri series and lower part of the 
Virgil series, and this horizon can, therefore, 
be referred to as the zone of Prouddenites. 


EXPLANATION OF PLATE 65 
Fics. 1, 2—Eoasianites merriami, n. sp. The holotype from the Upper Mills Ranch inlier of Crook 


County, Oregon, X1. 


(p. 542) 


3-5—Eoastanites sp. Two specimens from the Muncie Creek shale member of the Iola formation 


at Kansas City, Missouri—3 is X1}; 4, 5 are X1. 


(p. 541) 


6-9—Schistoceras missouriense (Miller and Faber). 6, 7, A specimen from the Muncie Creek 
shale, X1}; 8, 9, Another from the Winterset limestone, X 1—both from the vicinity of 


Kansas City, Missouri. 


p. 540 
10-11—Schistoceras hildrethi (Morton). A specimen from the Muncie Creek shale at Kansas 


City, Missouri, X1}. 


(p. 539) 
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The ammonoid fauna of this zone is known 
best from the Nellie Bly (Cherryvale) and 
the Nelagoney formations of northeastern 
Oklahoma, which have yielded the follow- 
ing species: 
Prouddenites primus clinei Miller and 
Furnish 

Boesites texanus (Bose) 

Imitoceras grahamense (Plummer and 
Scott)? 

Eothalassoceras inexpectans (Miller and 
Owen) 

Eudissoceras pingue (Miller and Cline) 

Gonioloboceras welleri Smith? 

Eupleuroceras bellulum Miller and Cline 

Eupleuroceras? n. sp. 

Eoastanites millsi (Miller and Cline) 

Schistoceras hildrethi (Morton) 

Neoshumardites n. sp. 

Parashumardites senex (Miller and Cline) 

Peritrochia ganti (Smith) 

In the general vicinity of Kansas City, 
Eoasianites kansasensis, Gonioloboceras gon- 
tolobum?, Schistoceras hildrethi, and S. mis- 
sourtense occur in the Westerville limestone; 
Gonioloboceras goniolobum? in the Raytown 
limestone; and Stenopronorites kansasensis 
and Gonioloboceras goniolobum? in the Ar- 
gentine limestone. Also, the Francis forma- 
tion of the Arbuckle Mountain region in 
Oklahoma has yielded Neodimorphoceras 
oklahomae? and Eosianites? sp., and the 
overlying Belle City limestone carries Schis- 
toceras missouriense. 

In north-central Texas the Prouddenites 
fauna occurs in the Graford limestone of the 
lower Canyon, and the following ammonoid 
species are known from that formation: 

Prouddenites primus primus Miller 

Schistoceras hildrethi (Morton) 

Eoasianites sp. 

Gontioloboceras sp. 

Parashumardites fornicatus (Plummer and 
Scott) 

A related fauna containing Prouddenites, 
Schistoceras, Eoasianites, etc. is known from 
the upper part of the Gaptank formation of 
west Texas, but Uddenites occurs in this 
fauna, and therefore it is probably somewhat 
younger. Faunas of about the same age have 
been found in Soviet Russia, but relatively 
little is known in regard to them. 

Acknowledgment is hereby made to Mr. 
J. B. Kleihege of Kansas City who collected 
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the fossils described below, to Mr. Howard 
Webster of Iowa City who prepared the il- 
lustrations that accompany this report, and 
particularly to Mr. Frederick O. Thompson 
of Des Moines who made our work finan- 
cially possible. 


Genus PROUDDENITES Miller, 1930 
Genotype: Prouddenites primus Miller 


Conch discoidal and attains a maximum 
diameter of at least 65 mm. Living chamber 
about two-thirds volution in length. Whorls 
flattened laterally and ventrally and lateral 
zones are nearly parallel. Umbilicus mod- 
erately small and umbilical shoulders fairly 
abrupt. Growth lines form slight lateral 
sinuses and then curve orad to form a broad 
ventral salient which is flattened on the 
ventral side of the conch. Sutures consist of 
a deep trifid ventral lobe, a broad promi- 
nently subdivided first lateral lobe, a narrow 
spatulate second lateral lobe, and several 
auxiliary lobes. The internal sutures consist 
of a bifid dorsal lobe and several smaller un- 
divided lobes. 

The first lateral lobe is perhaps the most 
distinctive part of the suture in the Pro- 
noritidae and the Medlicottidae, which are 
more or less connected by Prouddenites and 
Uddenites. In the Pronoritinae, the first lat- 
eral lobe is relatively stable and is sym- 
metrically bifid. In the Uddenitinae, which 
we regard as a subfamily of the Pronoriti- 
dae, the first lateral lobe is asymmetrical 
and is quite variable; the ventral portion of 
this lobe is-greatly modified, whereas the 
dorsal portion remains relatively simple. 

In Prouddenites, the first lateral lobe is 
typically trifid. Each of its three divisions 
may, however, be secondarily subdivided, 
though the dorsal one is undivided in almost 
all cases. In some 50 per cent of the numer- 
ous specimens we have studied, the second- 
ary subdivisions of the first lateral lobe are 
not equally developed on the two sides of 
the conch. As might be expected, neither 
the right nor the left side of the conch is 
consistently more advanced than the other. 

The oldest and most primitive species of 
this genus is represented by a few well-pre- 
served but fragmentary specimens in our 
collections from about 3 miles south of Sul- 
phur, Murray County, Oklahoma, in the 
Buckhorn asphalt, which contains Weller- 
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ites, Gonioglyphioceras?, Gonioloboceras, Eoa- 
sianites, Pseudoparalegoceras, Paralegocer- 
as?, and Bisatoceras, and is of about the 
same age as the Wewoka formation. These 
fragmentary specimens do not merit illus- 
trations or serve as a satisfactory basis for 
the erection of a species. However, they 
show clearly that when the conch attained 
a diameter of 15-20 mm. it was flattened 
laterally and ventrally and that the first 
lateral saddle of its sutures was incipiently 
trifid; that is, this lobe was asymmetrically 
bifid, and an additional subdivision was 
starting to develop on the ventral prong. 
This form is such a primitive representative 
of Prouddenites that it resembles Pronorites 
in certain respects, but the shape of its 
conch and the ventral portions of its sutures 
indicate an affinity with Prouddenites. 

RuZencev has collected another primitive 
representative of Prouddenites from the 
Orenburgian (Upper Pennsylvanian) of the 
southern Ural region. Its conch is discoidal 
and is somewhat flattened ventrally. Ruz- 
encev kindly sent us, in advance of publi- 
cation, a diagrammatic representation of 
one of its sutures, which we are reproducing 
as text figure 1A. This suture is not typical 
of Prouddenites, but the first lateral lobe is 
asymmetrically bifid with each point sec- 
ondarily subdivided. The general shape of 
the conch and the fact that the ventral 
prong of the first lateral lobe is larger than 
the dorsal prong, indicate that this form is 
more closely related to Prouddenites than to 
typical pronoritids. 

Typical Prouddenites was originally de- 
scribed from the Gaptank formation of west 
Texas, and it has since been found in the 
Graford formation of north-central Texas, 
the Nellie Bly and Nelagoney formations of 
northeastern Oklahoma, and the Winterset 
and Iola limestones of west-central Mis- 
souri. At all of these numerous horizons and 
localities the specimens are so similar that 
we believe they should be regarded as repre- 
senting only one species, though we are rec- 
ognizing varietal differences. With the ex- 
ception of the primitive form found near 
Sulphur in south-central Oklahoma, all of 
the American representatives of Proud- 
denites occur in a limited section embracing 
the Missouri series and basal part of the 
Virgil series. 


PROUDDENITES PRIMUS Miller 
Plate 64, figures 1-12 
Prouddenites primus MiL.LER, 1930, Jour. Paleon- 

tology, vol. 4, pp. 397-400, pl. 38, figs. 3-10; 

MILLER and CLINE, 1934, Jour. Paleontology, 

vol. 8, p. 177, pl. 28, figs. 1-3; SELLARDs, 1932, 

Texas Univ. Bull. 3232, p. 112; PLUMMER and 

Scott, 1937, Texas Univ. Bull. 3701, pp. 34, 

61, 62; MILLER and FurnisH, 1940, Geol. Soc. 

America, Spec. Paper 26, pp. 12, 35, 38. 
Prouddenites bisei PLUMMER and Scott, 1937 

[part], Texas Univ. Bull. 3701, pp. 17, 22, 34, 

61, 62-63, 64, 387, pl. 2, figs. 9, 10. [Not 

Parapronorites boesei Smith, 1929.] 
Prouddenites grafordensis PLUMMER and Scott, 

1937, Texas Univ. Bull. 3701, pp. 63-64, pl. 2, 

figs. 11-15. 

Pronorites grafordensis PLUMMER and Scott, 

1937, Texas Univ. Bull. 3701, p. 380. 

Conch attains a maximum diameter of at 
least 65 mm. and a corresponding height of 
conch of about 36 mm. and width of conch 
of about 17 mm. (estimated). Where the 
figured type specimen is about 32 mm. in 
diameter, its conch is about 17 mm. high 
and about 10 mm. wide, and its umbilicus is 
about 6 mm. in diameter. The specimen rep- 
resented by figures 8-10 on plate 64 is about 
33 mm. in diameter, its conch attains a 
height of about 17 mm. and a width of 
about 10 mm. (estimated), and its umbilicus 
is about 6} mm. in diameter. We have one 
large specimen about 65 mm. in diameter 
that appears to be almost complete adoral- 
ly, and it shows that the living chamber is 
about two-thirds of a volution in length. As 
in many pronoritids, on the internal mold 
there is a stria along the venter of typical 
forms at maturity. 

The large collections now available show 
that there is considerable variation within 
this species, and some of the variants seem 
to be stable enough to merit varietal recog- 
nition. The specimen represented by figures 
11, 12 on plate 64, which is the only mature 
representative of the genus known from the 
Nellie Bly formation, is distinctly narrower 
and less strongly flattened ventrally than 
the type specimens, its umbilicus is rela- 
tively larger, and there is no stria along its 
venter. Where the diameter of this speci- 
men measures about 22 mm., the conch is 
about 10 mm. high and about 6 mm. wide 
and the umbilicus is about 6 mm. in diam- 
eter—the conch of a typical topotype of the 
species (text fig. 5D) at the same diameter 
is about 11 mm. high and about 7} mm. 
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wide. The sutures of the Nellie Bly specimen fact that its whorls are relatively low and 
are in general similar to those of topotypes narrow. For this Nellie Bly specimen, we 
but as shown by text figures 5B and 5D, the propose the name P. primus clinei. 

lobes of the specimen under consideration The specimen represented by figure 7 on 
are relatively narrow, whichisa result of the plate 64 is the holotype of another new va- 


A 


Fic. 5.—Mature external sutures of Prouddenites. 

(A) Prouddenites? sp., X44; based on a specimen from the Orenburgian of the south- 
ern Ural region. Drawn by RuZencev. 

(B) Prouddenites primus clinet, n. var., at a diameter of about 22 mm., X4; based 
on the holotype from the Nellie Bly formation west of San Springs, Oklahoma. 

(C) Prouddenites primus klethegei, n. var., at a diameter of about 24 mm., X5; 
based on the holotype from the Iola formation at Kansas City, Missouri. 

(D) Prouddenites primus primus Miller at a diameter of about 26 mm., X44; based 
on a well-preserved topotype (State University of Iowa, 2039) from the Gap- 
tank formation of the Glass Mountain region, west Texas. 

(E) Prouddenites primus primus Miller at a diameter of about 33 mm., 4; based 
on the specimen represented by figures 8-10 on plate 64, from the Winterset 
limestone at Kansas City, Missouri. 
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riety, P. primus klethegei. This variety dif- 
fers from both the typical one and from P. 
primus clinei in that its sutures form fewer 
lobes. Also, its conch is narrower and its um- 
bilicus is larger than are those of P. primus 
primus, and there is no stria along its ven- 
ter. Furthermore, in the sutures of the holo- 
type under consideration, the second lateral 
lobe is distinctly trifid, and in a specimen 
(pl. 64, figs. 1, 2) from the Nelagoney for- 
mation of Oklahoma which we are referring 
to this variety, the second lateral lobe is 
similarly trifid and the third lateral lobe is 
incipiently divided. Although these char- 
acters are probably not of fundamental im- 
portance, it may be worthy of note that in 
none of the numerous representatives of the 
typical variety that we have examined, or in 
P. primus clinei, are these features devel- 
oped. 

The sixth and the seventh lateral lobes of 
the specimen represented by text figure 5D 
developed by the sixth lateral lobe becoming 
bifid. This development is confined to one 
side of the specimen, and we have not ob- 
served a similar development in any other 
pronoritid or medlicottid. Presumably, no 
particular significance is to be attached to it, 
but it is reminiscent of the development of 
the lobes in the Popanoceratidae. 

Occurrence.—The typical variety of this 
species is abundant in the Gaptank forma- 
tion at one locality about 43 miles S. 15° E. 
of Lenox, Brewster County, Texas, and we 
are referring to it a single specimen from the 
Winterset limestone at Kansas City, Mis- 
souri. A few small immature specimens 
which appear to be referable to this variety 
have been found in the Graford shale at 
Bridgeport, Wise County, Texas. The name 
P. grafordensis was coined for these by 
Plummer and Scott, but we have a topo- 
type of some 10 mm. diameter, and it seems 
to be identical with equal-sized representa- 
tives of P. primus primus. The holotype of 
P. primus clinei was found in the Nellie Bly 
(Cherryvale) formation about 63 miles west 
of Sand Springs, Tulsa County, Oklahoma, 
and the same locality has yielded several 
immature specimens. The holotype and one 
paratype of P. primus kleihegei came from 
the Muncie Creek shale member of the Iola 
limestone at Kansas City, Missouri; also, 
we are referring to this variety four speci- 


mens from the Wildhorse member of the 
Nelagoney formation at Wild Horse, about 
12 miles west of Skiatook, Osage County, 
Oklahoma. (We have about a dozen small 
specimens from the same locality.) 

Types.—The syntypes of this species are 
at the Yale Peabody Museum, where they 
are numbered 12932 and 12942. The speci- 
mens represented by figures 5-10 on plate 1 
are in the private collection of J. B. Klei- 
hege of Kansas City, Missouri. All of the 
other specimens mentioned above are at the 
State University of Iowa, where they are 
numbered 634 (holotype of P. primus clinei) 
1422 (pl. 64, figs. 1, 2), 1423 (pl. 64, figs. 3, 
4), 1424-1430, 2039 (text fig. 5D), 13989 
and 13990 (John Britts Owen collection at 
State Univ. Iowa). 


Genus SCHISTOCERAS Hyatt, 1884 


Genotype: Goniatites missouriensis 
Miller and Faber 

Conch subglobular to subdiscoidal and 
moderately large. Whorls somewhat de- 
pressed, rounded ventrally, slightly flat- 
tened laterally, and impressed dorsally. Liv- 
ing chamber appears to be about one volu- 
tion in length. Diameter of umbilicus, which 
becomes relatively smaller during late on- 
togenetic development, varies from about 
one-fourth to about one-half diameter of 
specimen. During adolescence umbilical 
shoulders are nodose, but nodes are lost be- 
fore or during early maturity. Surface of 
test at maturity is marked by transverse 
growth lines and typically by longitudinal 
lirae. Growth lines form a deep rounded 
ventral sinus, prominent rounded ventro- 
lateral salients, and shallow lateral sinuses. 
Sutures consist of a large very prominently 
bifid ventral lobe, four pairs of pointed- 
spatulate external lateral lobes, a narrow 
pointed dorsal lobe, two pairs of similar in- 
ternal lateral lobes—altogether each ma- 
ture suture consists of 14 lobes. 

During rather early ontogenetic develop- 
ment, the sutures pass through a gastrio- 
ceran stage in which each consists of eight 
lobes. Then the umbilical lobes become 
lateral in position and a paralegoceran stage 
is achieved as on each side of the conch a 
lobe is developed in the umbilical zone. This 
lobe becomes trifid and evolves into three 
lobes, the dorsal one of which is internal in 
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Fic. 6.—Mature external sutures of Schistoceras. 
(A) S. hildrethi (Morton) at a diameter of about 25 mm., X6; based on the 
specimen represented by figures 10, 11 on plate 65. 
(B) S. missouriense (Miller and Faber) at a diameter of about 35 mm., X4; 
based on the specimen represented by figures 6, 7 on plate 65. 


position. In some cases the ventral one of 
these three becomes bifid, but this character 
is variable and apparently is to be accorded 
little taxonomic value. The sutures of 
Schistoceras are never comparable to those 
of Metalegoceras; in that genus the umbilical 
lobe of the gastrioceran stage becomes trifid 
and evolves into three lobes. In Texoceras 
and other adrianitids, both external and in- 
ternal lateral lobes are added consecutively 
in the umbilical zone rather than developed 
from a trifid umbilical lobe. The Paralego- 
ceras-Schistoceras stock is one of the most 
important in the Pennsylvanian, but ap- 
parently it became extinct at or near the end 
of that period. 

In spite of the fact that several paleon- 
tologists have emphasized that all of the 
known representatives of Schistoceras are 
very similar, they have been divided into 11 
species and three genera. We have assem- 
bled a large collection from various horizons 
and localities, and a direct comparison of 
specimens has convinced us that only two 


forms are distinct enough to be recognized 
as species. One of these, which should be 
called S. hildrethi (Morton), is characterized 
by a large umbilicus, nodose umbilical 
shoulders during early maturity, and rela- 
tively prominent reticulate ornamentation. 
In the second species, S. missouriense (Mil- 
ler and Faber), the umbilicus is relatively 
small, during early maturity the umbilical 
shoulders are smooth, and the ornamenta- 
tion of the test is relatively fine and incon- 
spicuous. All of these features are of course 
more or less gradational, and forms are 
known that are intermediate between the 
two species. Furthermore, the two occur at 
several localities in direct association. 

Smith proposed the name S. hyatti for the 
specimen on which the genus was based. 
However, we are suppressing that specific 
name as a synonym of S. missouriense, 
which then becomes the genotype. In our 
opinion Paraschistoceras and Metaschisto- 
ceras are synonyms of Schistoceras. 

The genus Schistoceras is now known from 
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the lower Conemaugh of eastern Ohio and 
western Pennsylvania and the McLeans- 
boro of central Illinois. In the Missouri- 
Kansas-Oklahoma Mid-Continent region it 
occurs at numerous horizons and localities 
ranging in age from the basal Missouri Cof- 
feyville formation of Oklahoma to the 
Douglas group of the Virgil series in Kan- 
sas. In north central Texas, this genus is 
known from the upper Strawn, the Can- 
yon, and possibly the Wichita; and in west 
Texas, it ranges throughout most of the 
Gaptank. The specimen from central Asia, 
which in 1931 Miller tentatively placed in 
this genus, almost certainly does not belong 
here. 


SCHISTOCERAS HILDRETHI (Morton) 
Plate 65, figures 10, 11 


Ammonites hildrethi Morton, 1836, Am. Jour 
Sci., vol. 29, pp. 40, 149, pl. 1, fig. 24 [probably 
not p. 137, pl. 28, figs. 48, 50, 53, 54]. 

Goniatites hildrethi MILLER, 1889, North Ameri- 
can geology and palaeontology..., p. 439. 

Agathiceras hildrethti HaucG, 1898, Soc. géol. 
France, Mém., Paléont., no. 18, pp. 33, 105- 
107, pl. 1, figs. 40a—c. 

Schistoceras hildrethi SmitH, 1903, U. S. Geol. 
Survey, Mon. 42, pp. 107-108, pl. 3, figs. 1, 2. 

Schistoceras reticulatum 1930, Jour. 
ee vol. 4, pp. 403-406, pl. 39, figs. 


Schistoceras unicum MILLER and Owen, 1937, 
Jour. Paleontology, vol. 11, pp. 420-422, pl. 
52, figs. 16, 17. 

Paraschistoceras hildretht PLUMMER and Scott, 
1937, Texas Univ. Bull. 3701, pp. 17, 18, 22, 
30, 33, 207, 240, 244, 247, 248, 250-251, 253, 
3 257, 379, 380, 387, 389, 390, pl. 14, figs. 
1-14. 

Paraschistoceras reticulatum PLUMMER and Scott, 
1937, Texas Univ. Bull. 3701, pp. 16, 17, 21, 
22, 34, 246, 247, 253-255, 380, 382, 387, 388, 
394, 399, pl. 14, figs. 15-18. 

Paraschistoceras strawnense PLUMMER and Scott, 
1937, Texas Univ. Bull. 3701, pp. 16, 17, 247, 
248-249, 387, pl. 14, figs. 22, 23. 

Paraschistoceras costiferum PLUMMER and Scott, 
1937, Texas Univ. Bull. 3701, pp. 17, 252-253, 
255, pl. 14, figs. 19-21. 


In 1836, Morton figured several speci- 
mens on which he based this species, but 
from his illustrations we are able to recog- 
nize the generic affinities of only one of them 
(Morton’s pl. 1, fig. 24). This one may well 
be the same individual that Haug later 
found in a collection which Hildreth, who 
collected the types, had sent to France. Be- 
cause of the measurements given by Mor- 
ton, Haug concluded that he was probably 


not studying one of the original type speci- 
mens, but we find that Morton’s measure- 
ments elsewhere in the same paper are in- 
consistent. Furthermore, it is probably sig- 
nificant that Morton’s illustrations are of 
almost precisely the same size as Haug’s 
specimen, that in each case the specimens 
are stated to be silicified internal molds, and 
that insofar as it is possible to make com- 
parisons the figures appear to be identical. 
Since Morton’s illustrations are quite inade- 
quate and his specimens are lost, whereas 
Haug’s figures are quite satisfactory, we 
propose to regard the specimen studied by 
Haug as the type of the species. 

It should be made clear that the type 
specimens of the first four ‘‘species’’ of this 
genus that were named are internal molds. 
Therefore, it is difficult to evaluate species 
established later and based on differences in 
shell ornamentation. Ordinarily topotypes 
might be expected to elucidate the surface 
ornamentation of the first-named species, 
but the large collections available to us show 
that widely different types occur in direct 
association. Certain of the specific names 
that have been proposed could perhaps be 
recognized by relegating them to the rank 
of varieties, but the differences on which 
they rest are so inconsequential that little 
is to be gained by such a procedure. 

The shape of the conch and the nature of 
the ornamentation and the sutures vary 
throughout ontogenetic development. Dur- 
ing adolescence the umbilicus is relatively 
large, the umbilical shoulders are nodose, 
and the surface ornamentation of the test 
is relatively prominent. These ontogenetic 
variations, together with differences in pres- 
ervation, are sufficient to explain most of 
the characters on which species have been 
based. There is, to be sure, more or less gra- 
dation between S. hildrethi and S. missouri- 
ense, but we believe that the extremes with- 
in the group are worthy of specific recogni- 
tion. 

Occurrence.—The only one of the original 
type specimens of which we can recognize 
the generic affinities came from the Cam- 
bridge limestone (lower Conemaugh) near 
Cambridge, Guernsey County, Ohio. This 
may be the same specimen that was figured 
by Haug in 1898. We have a congeneric spe- 
cimen from the same horizon and locality, 
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but it is clearly not conspecific, being refer- 
able to S. missouriense. Specimens that we 
regard as belonging in S. hildrethi are also 
known from the following horizons and lo- 
calities: the Brush Creek limestone (lower 
Conemaugh) near Pittsburgh, Pennsyl- 
vania; the McLeansboro of Sangamon 
County, Illinois; the Muncie Creek mem- 
ber of the Iola formation (Kansas City 
group) at Kansas City, Missouri; the Iatan 
limestone of the Pedee group and the 
Stranger formation of the Douglas group in 
Douglas County, Kansas; the Seminole and 
Nellie Bly formations of Tulsa County, 
Oklahoma; the Nelagoney formation of 
Osage County, Oklahoma; the upper Strawn 
of Palo Pinto County, north central Texas; 
the Graford formation of Palo Pinto and 
Wise counties, north central Texas; the 
Graham formation of Brown, Jack, McCul- 
loch, Stephens, and Young counties, north- 
central Texas; and the upper Gaptank for- 
mation of Brewster County, Texas. 

Hypotypes.—The figured specimen (pl. 
65, figs. 10, 11) is in the private collection of 
J. B. Kleihege of Kansas City, Missouri. 
Other specimens available to us are in the 
Yale Peabody Museum (Texas), the Car- 
negie Museum at Pittsburgh (Pennsylva- 
nia), the University of Kansas (Kansas), and 
the State University of Iowa where the 
John Britts Owen collection is now de- 
posited (Oklahoma and Texas). 


SCHISTOCERAS MISSOURIENSE 
(Miller and Faber) 
Plate 65, figures 6-9 


Goniatites missouriensis MILLER and FABER, 
1892, Cincinnati Soc. Nat. History, Jour., vol. 
14, pp. 164-165, pl. 6, fig. 1. 

Schistoceras sp. Hyatt, 1884, Boston Soc. Nat. 
History, Proc., vol. 22, p. 336. 

Goniatites fultonensis MILLER and GURLEY, 1896, 
Ill. State Mus. Nat. Hist., Bull. 11, pp. 39-40, 
pil. 4, figs. 15-17. 

Paralegoceras iowense SMITH, 1896 [part], Am. 
Phil. Soc., Proc., vol. 35, pp. 263, 265. 

Agathiceras fultonensis HauG, 1898, Soc. géol. 
France, Mém., Paléont., no. 18, p. 33. 

Schistoceras fultonense SmitH, 1903, U. S. Geol. 
Survey, Mon. 42, pp. 106-107, pl. 16, figs. 15— 
17; MorGan, 1924 [Oklahoma] Bur. Geol., 
Bull. 2, p. 124, pl. 53, figs. 8, 8a. 

Schistoceras hyatti SmitH, 1903, U. S. Geol. Sur- 
vey, Mon. 42, pp. 108-111, pl. 20, figs. 1-8; 
pl. 21, figs. 10a-13; PLUMMER and Moore, 
1921, Texas Univ. Bull. 2132, pp. 145, 146, 


149, pl. 22, fig. 10; aaaee, 1932, Texas 
Univ. Bull. 3232, p. 114. 

Schistoceras missouriense SmitH, 1903, U.S. Geol. 
Survey, Mon. 42, p. 111, pl. 8, fig. 1; SAYRE, 
1930, Kansas Univ. Sci. Bull., vol. 19, pt. 2, 
p. 158, pl. 21, figs. 4, 4a; PLUMMER and 
Scott, 1937, Texas Univ. Bull. 3701, pp. 17, 
18, 30, 33, 201, 202-204, 206, 388, 399, pl. 19, 
figs. 1-15; pl. 20, fig. 11. 

Schistoceras 'smithi BosE, 1919, Texas Univ. Bull. 
1762, pp. 93-95, pl. 3, figs. 9-16; MILLER, 1930, 
Jour. Paleontology, vol. 4, pp. 406-407, pl. 39, 
figs. 14-16; PLUMMER and Scott, Texas Univ. 
Bull. 3701, pp. 17, 22, 32, 34, 201, 205-206, 
303, 387, 388, pl. 18, figs. 1-7; pl. 41, figs. 6-8. 

Schistoceras diversecostatum BO6sE, 1919, Texas 
Univ. Bull. 1762, pp. 96-99, pl. 4, figs. 1-36; 
Situ, 1929, Am. Jour. Sci., 5th ser., vol. 17, 
pp. 76-77, figs. B1I-B13; PLUMMER and Scott, 
1937, Texas Univ. Bull. 3701, pp. 17, 22, 32, 
34, _ 206-207, 251, 255, 389, pl. 20, figs. 
1-10. 

Metaschistoceras heilprint PLUMMER and Scott, 
1937, Texas Univ. Bull. 3701, pp. 247, 256- 
257, 380, pl. 41, figs. 1-5. 


The holotype of this species represents 
only one side of the conch; it isa rather well 
preserved internal mold. Small fragments of 
the reticulate test adhere to the holotype, 
and conspecific testiferous specimens are 
known from the Graham formation of north- 
central Texas. Moderate-sized specimens 
have rather inconspicuous shell ornamenta- 
tion, but during late maturity rather prom- 
inent longitudinal lirae are developed. On 
large specimens these longitudinal markings 
are distinctly more prominent than the 
transverse growth lines. 

In large specimens of ‘‘ Metaschistoceras 
heilprini,” the third lateral lobe of the su- 
tures is prominently bifid. However, we 
have a specimen in which this lobe is bifid on 
only one side of the conch, and, therefore, 
we are of the opinion that no particular tax- 
onomic value should be accorded this fea- 
ture. 

In general, the characters of this species 
are slightly more advanced than are those of 
S. hildrethi, but all features are not consist- 
ent in this respect. In S. hildrethi, the umbil- 
icus is larger and the umbilical nodes and 
prominent reticulate ornamentation of the 
test are retained until a much larger size is 
attained by the conch. 

Occurrence.—The holotype of this species 
came from the Kansas City group at Kan- 
sas City, Missouri. Specimens which we re- 
gard as conspecific are now known from the 


we 
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following horizons and localities: the Win- 
terset, Westerville, and Iola (Muncie Creek 
member) formations at or near Kansas City, 
Missouri; the McLeansboro? of Fulton 
County, Illinois; the LaSalle limestone 
(McLeansboro) of LaSalle County, Illi- 
nois; the Cambridge limestone (lower Cone- 
maugh) of Guernsey County, Ohio; the 
Brush Creek limestone (lower Conemaugh) 
near Pittsburgh, Pennsylvania; the Belle 
City limestone of Seminole County, Okla- 
homa; the Graford formation of Wise 
County, northcentral Texas; the Graham for- 
mation of Brown, Jack, Stephens, and Young 
counties, north-central Texas; the Gaptank 
formation of Brewster and Pecos counties, 
west Texas; and possibly the Belle Plains 
formation (Wichita) of Callahan County, 
north-central Texas. 

Types——The collections of the Walker 
Museum at the University of Chicago con- 
tain the holotype of this species (no. 8756) 
and the holotype of Goniatites fultonensis 
(no. 6215), which we regard as conspecific. 
One of the specimens figured in the present 
report (pl. 65, figs. 6, 7) is in the private 
collection of J. B. Kleihege of Kansas City, 
Missouri; the other (pl. 65, figs. 8, 9) is in 
the John Britts Owen collection at the 
State University of lowa (no. 13988). Other 
specimens available to us are in the Yale 
Peabody Museum (north central and west 
Texas), the Carnegie Museum at Pitts- 
burgh (Pennsylvania), the State University 
of Iowa (Ohio, and north central and west 
Texas), and Columbia University (Okla- 
homa—the specimen represented by figs. 8, 
8a on Morgan’s pl. 53 of 1924 and an un- 
figured specimen are numbered 18484). 


EOASIANITES sp. 
Plate 65, figures 3-5 


The available collections from the Muncie 
Creek shale contain four specimens that are 
referable to Eoasianites. All are probably 
conspecific, though the smallest one (pl. 65, 
fig. 3) has sutures that are distinctly more 
primitive than are those of the other three. 

The whorls are strongly depressed ven- 
trally, and the umbilicus is relatively large. 
The first lateral lobes and the prongs of the 
ventral lobe are particularly narrow for this 
genus. In general physiognomy and in the 
shape of its sutures this form seems to re- 


semble ratherclosely Eoasianites jonesi of the 
Coffeyville formation of Oklahoma, E. ex- 
celsus of the basal Wabaunsee of Kansas, 
and E. globulosus of the Pennsylvanian of 
Kansas and Illinois. E.? kansasensis, the 
holotype of which came from the Kansas 
City group at Kansas City, Missouri, is not 
very similar to the Muncie Creek form. Its 
sutures (which are not correctly portrayed 
by Miller and Gurley and by J. P. Smith) 
resemble those of E.? illinoisensis very 
closely, and these two forms, which may be 
conspecific, can be said to be intermediate 
between Eoasianites and Neoshumardites. 

Occurrence.— Muncie Creek shale member 
of Iola formation at Kansas City, Missouri. 

Figured specimens.—Both of the figured 
specimens and two unfigured ones are in the 
private collection of J. B. Kleihege of Kan- 
sas City, Missouri. 


VII. A GASTRIOCERATID FROM 
CENTRAL OREGON 


* Recently Dr. Charles W. Merriam sent 
us for study a single well-preserved am- 
monoid from the Upper Mills Ranch inlier 
in the upper Crooked River Basin of south- 
eastern Crook County, Oregon. This speci- 
men was found in “‘float’’ some time ago by 
a party working under the direction of Pro- 
fessor E. L. Packard of the University of 
Oregon. It is the first Late Paleozoic am- 
monoid to be recorded from this part of the 
country. 

Inasmuch as strata of several ages are 
present in this inlier and the specimen un- 
der consideration is not associated with oth- 
er fossils, its precise age is uncertain. It be- 
longs in the genus Eoasianites which isknown 
to be world-wide in its occurrence and to 
range from the Upper Mississippian (Ches- 
ter) up into the Lower Permian (Wolfcamp). 
The Oregon specimen seems to resemble 
forms that have been described from the 
Somohole beds of Timor and the Sakmarian 
beds of the southern Ural region more 
closely than any other known species. Both 
the Somohole and the Sakmarian beds are 
of Lower Permian, that is, Wolfcamp age. 
In America, Eoasianites is not well known 
from the Lower Permian, but it is abundant 
in the Upper Pennsylvanian. Furthermore, 
some of the Upper Pennsylvanian forms are 
similar to the Oregon specimen. Therefore, 
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Fic. 7.—Complete sutures of Eoasianites. 


(A) E. beluensis (Haniel) at a diameter of some 30 mm., X3; based on two specimens 
from the Somohole beds of Timor. Adapted from Haniel. 

(B) E. merriami, n. sp., at a diameter of about 35 mm., X24}; based on the holotype from 
the Upper Mills Ranch inlier of Crook County, Oregon. 

(C) E. shtkhanensis (Ruzencev) at a diameter of some 50 mm., X2., based on the holo- 
type from the Sakmarian of the Ural region. Adapted from RuZencev. 


insofar as we can tell from this one individ- 
ual, the beds which yielded it are probably of 
Upper Pennsylvanian or Lower Permian age. 


EOASIANITES MERRIAMI 
Miller and Furnish, n. sp. 
Plate 65, figures 1, 2 


- Conch is subglobular, and whorls are low 
and broad. Holotype, only known represen- 
tative of species, is a silicified internal mold 
representing the ninth and tenth volutions 
of the phragmacone. It was somewhat dis- 
torted during preservation but is fairly well 
preserved. Maximum diameter of preserved 
part of this specimen appears to have been 
some 35 mm., and maximum height and 
width of conch about 12} mm. and 30 mm. 
respectively. The umbilicus is large, and its 


diameter is about one-half that of conch. 
Umbilical shoulders abrupt. 

Internal mold marked by prominent 
transverse constrictions, of which there are 
about four to the volution. These are es- 
sentially straight and are directly trans- 
verse. No trace of growth lines or external 
ornamentation of test is preserved on this 
specimen. 

As shown by text figure 7B, each suture 
consists of a total of eight lobes, only the 
ventral one of which is bifid. All of the lobes 
are pointed and with the exception of the 
umbilical lobe all are hastate. The first la- 
teral saddle and the first lateral lobe are of 
about the same size and shape, with the ex- 
ception that the saddle is rounded, whereas 
the lobe is pointed. 
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Remarks.—The sutures of this species are 
closer to those of E. beluensis (Haniel) of the 
Somohole beds of Timor and E. shikhanensis 
(RuZencev) of the Sakmarian of the south- 
ern Ural region than to those of any other 
described species (cf. text figs. 7A-—7C). The 
umbilicus in both of these species appears 
to be somewhat smaller than in the speci- 
men under consideration, and the whorls 
appear to be relatively higher and narrower. 
However, in general physiognomy, the conch 
is very similar in all three species, and the 
apparent differences may have been accen- 
tuated by distortion during preservation. 

In order to avoid any possibility of am- 
biguity, it should be stated clearly that 
Eoasianites is abundantly represented in the 
Pennsylvanian as well as in the Lower Per- 
mian. Furthermore, forms of the same gen- 
eral type as E. merriami are not rare in the 
Upper Pennsylvanian. 

RuZencev designated Gastrioceras beluense 
Haniel as the type of a new genus, Somoho- 
lites. He stated that it differs from Eoasian- 
ites in that the lateral lobes of its sutures 
are more strongly hastate, and its test bears 
fine longitudinal lirae. In our opinion these 
differences are not of generic significance, 
inasmuch as we have several specimens from 
different horizons and localities that are 
longitudinally lirate but otherwise are typi- 
calof Eoasianites. Furthermore, there is com- 
plete gradation between the sutures of 
typical Eoasianites and the genotype of 
Somoholites, and we believe that a generic 
stage should not be recognized until the la- 
teral lobes become incipiently trifid, as in 
Neoshumardites. 

Occurrence-—Upper Mills Ranch inlier in 
the upper Crooked River Basin, southeast- 
ern Crook County, Oregon. 

Holotype.—Univ. Oregon, 2202-3. 
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MISSISSIPPIAN INADUNATA—EUPACHYCRINUS AND 
RELATED FORMS 
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AsstTract—Criteria for classification of the varied Eupachycrinus-like crinoids 
of the Mississippian strata are evaluated and these forms are separated into four 
genera and one collective group, of which two genera and the collective group are 
new. Classification is based on three features: number of arms; type of arm struc- 
ture, uniserial or biserial; and the number, shape, and position of the anal plates in 
the posterior interray of the dorsal cup. The described forms are distributed as 
follows: five in Eupachycrinus Meek and Worthen, of which one is new; eleven in 
Phanocrinus Kirk, of which six are new; three in Pentaramicrinus Sutton and 
Winkler, of which one is new; five in Intermediacrinus Sutton and Winkler, of 
which two are new; and nine in Ageneracrinus Sutton and Winkler, new collective 


group, of which seven species are new. 


GENERAL CONSIDERATIONS 


ie THE August 1865 issue of the Proceed- 
ings of the Philadelphia Academy of Na- 
tural Sciences (not 1855 as commonly 
erroneously cited), Meek and Worthen pro- 
posed a new genus Eupachycrinus, with 
Graphtocrinus quatuordecembrachialis Lyon 
as the genotype. Lyon’s description was so 
brief and relatively inadequate that they 
were undecided about the exact relationship 
of his type to other forms. They later said 
(1866, p. 177): 


For the present we place this group provision- 
ally as a section of Cyathocrinus, though it is 
quite probable it will be found generically dis- 
tinct both from that genus and Poteriocrinus. 


Confusion as to the distinguishing fea- 
tures of Eupachycrinus has continued to the 
present. Characteristics, considered of suf- 
ficient value for generic differentiation in 
other groups, have been combined with the 
comment that this group represents a late 
stage in the history of the Cyathocrinidae 
and that these characters are scarcely of 
specific value in this exceptional case. 

Wachsmuth and Springer (1879, p. 359) 
assigned various forms to the defined genus, 
Eupachycrinus. They said in their generic 
diagnosis: 

There are generally two arms to each ray or 10 
to the individual; sometimes only five, as in 
Eupachycrinus simplex, Trautschold. ... They 
are variously constructed, either of a single or 


double series of plates, . . . Anal plates generally 
three, rarely one;... 


It is obvious that they were including in 
Eupachycrinus forms that we now know as 
Eupachycrinus Meek and Worthen, Cro- 
myocrinus Trautschold, Delocrinus Miller 
and Gurley, Erisocrinus White, and Phano- 
crinus Kirk. 

Later, the same authors (1886, p. 359) 
corrected their former grouping as follows: 
Accepting the genus Cromyocrinus, we have to 
consider only those species in which the cup is 
depressed or saucer-shaped, with small under- 
basals hidden from view and placed at the end 
of the basal concavity. These species, however, 
are divisible again into two groups; a, species 
with three azygous plates within the dorsal cup, 
i.e., the typical form of Eupachycrinus, and, }, 
species with a small anal plate, partly extending 
into the equatorial regions, for which White pro- 
posed the genus Ceriocrinus. 


They then proceeded to divide this last 
group on the relation of the single azygou; 
plate to the radials. The forms in which it 
rests on the radials were placed under 
Erisocrinus White, and the remainder were 
assigned to Ceriocrinus (now known to be a 
synonym of Delocrinus Miller and Gurley). 

They solved the problem of the number of 

arms as follows (1886, p. 173): 
Accepting also this division, and admitting into 
Eupachycrinus such species as ‘‘Cromyocrinus”’ 
gracilis Wetherby, which has but five arms, and 
Eupachycrinus spartarius Miller, with 14 arms, 
we must modify our former generic formula so 
as to admit species with five to 15 arms in place 
of 10, as we had previously given it. 


The next person to make a division of 
those forms placed by Wachsmuth and 
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Springer under their restricted genus, Eu- 
pachycrinus, was Kirk (1937, pp. 598-607), 
who effected a division based upon a char- 
acteristic which had been used extensively 
for other groups but not for this one, the na- 
ture of the structure of the arms. He re- 
moved those with uniserial arms, restricting 
Eupachycrinus to forms with biserial arms 
and named the new uniserial-armed group 
Phanocrinus. Kirk included in Phanocrinus 
all forms with quadrangular arm ossicles, 
regardless of the number of arms. This is an 
important step toward the differentiation of 
Eupachycrinus-like forms in the light of 
modern biologic and taxonomic methods of 
classification and differentiation. However, 
there is still one more important criterion 
which has not been completely evaluated, 
the number of arms, and it is one of the pur- 
poses of this paper to complete the differen- 
tial classification of the group included un- 
der Phanocrinus Kirk in so far as our knowl- 
edge of the forms permits. 

Present difficulties in the classification of 
this group of crinoids arise because we are 
dealing with three changing features, none 
of which changes consistently or contempo- 
raneously with the others. Due to poor cor- 
relations or differentiations of stratigraphic 
units, most of the specimens are said to have 
been procured from the ‘“‘Kaskaskia”’ forma- 
tion, a name now replaced by Chester se- 
ries. Since it includes all Mississippian strata 
above the Ste. Genevieve limestone, the 
proper and exact stratigraphic location of 
many of the specimens has not been possi- 
ble. These rocks contain varied Eupachy- 
crinus and Phanocrinus-like forms. 

The three parts of the crinoid which vary 
so in this limited stratigraphic range are 
the number of rami, the character of the 
rami, and the number of anal plates in the 
posterior interray of the dorsal cup. The 
number of rami varies from five in those 
forms with one ramus in each radius, through 
nine and 10, to 14 or more. Each ramus may 
be uniserial or biserial. However, there ap- 
pears to be no mixing of the types in the 
same specimen insofar as complete arm units 
are concerned, with but one exception. This 
exception is Eupachycrinus harii Miller of 
the Pennsylvanian, which is said to have 18 
rami, of which all but two, those of the an- 
terior ray, are biserial. This is the only form 
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known to the authors in which such a con- 
dition exists. This is an unusual form, hav- 
ing four rami in the other rays in which 
other known specimens have three as the 
maximum. It is an anomalous form and 
outside the scope of this paper, which deals 
only with Mississippian species. 

The validity of a distinction between uni- 
serial and biserial forms might be ques- 
tioned because some otherwise biserial 
forms possess a few uniserial cuneate os- 
sicles. We do not believe that this should 
cause any difficulties because these plates 
normally are restricted to the lower part of 
the arm, and beyond this the rami are defi- 
nitely biserial. If the plates are cuneate for 
the entire length, they are either very cun- 
eate or but slightly so. Those which are de- 
cidedly cuneate or wedge-shaped are as- 
signed to the biserial group and the others 
to the uniserial. One exception to this gen- 
eral rule should be noted. Intermediacrinus 
variabilis Sutton and Winkler, n. sp., de- 
parts from the normal condition in one arm, 
the one on the left (pl. 67, fig. 11). The distal 
portion of this ramus is composed of 15 
slightly cuneate ossicles, which extend en- 
tirely across the arm, a typically uniserial 
condition. The tapering of the arm suggests 
that these plates were very close to the end 
originally and that very little of it has been 
lost. It is suggested that if the entire arms of 
all biserial forms were known others might 
also end with uniserial plates. Probably this 
will never be tested thoroughly, because the 
delicate character of the arms usually re- 
sults in the destruction of the distal extrem- 
ities in preservation. 

There should be no difficulty in distin- 
guishing between the uniserial and biserial 
arm structure even of small or immature 
specimens, because none begin as uniserial 
forms and later change to biserial except in 
such cases as previously noted. There is a 
distinct differentiation of plates even in the 
immature individuals. This conclusion is the 
result of examination of several immature 
specimens, but further research may reveal 
some discrepancies. 

The third feature, the number of anal 
plates in the dorsal cup, is closely knit into 
the complex of conditions arising from the 
other two factors. Examination of many 
specimens shows that none of the uniserial- 
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armed forms has less than three anal plates 
in the posterior interradius of the dorsal 
cup. Were it also true that a certain definite 
ramus number corresponded with this, there 
would remain no classification difficulties, 
but there may be five, nine, or 10 rami in the 
specimens with three anal plates and uni- 
serial arms. 

Another difficulty is encountered in the 
biserial-armed forms because this group 
contains some species with three anal plates 
and some with only two in the posterior in- 
terradius of the dorsal cup. Likewise, the 
number of rami differs for various forms. 
However, no observed specimen has biserial 
arm structure and 10 or less rami. 

In summary it may be said that none of 
the observed specimens with uniserial arm 
structure has less than three anal plates in 
the dorsal cup and more than 10 rami. The 
biserial forms all possess more than 10 rami, 
but the number of anal plates in the dorsal 
cup may vary from three in some to two in 
other Mississippian species. 

The completion of the classification of 
Phanocrinus-like forms necessitates the re- 
removal of the five-armed species placed in 
the genus by Kirk and a redefinition of it, 
using all characters. We have retained cer- 
tain nine-armed forms in Phanocrinus, which 
might, upon superficial study, be considered 
sufficiently distinct for removal. Kirk made 
no disposition of them, although it is pre- 
sumed that since he retained five-armed 
forms with the 10-armed that he would like- 
wise include those with nine arms. These nine- 
armed forms are considered to be so close- 
ly allied to the 10-armed that it is unneces- 
sary to place them in another genus. If 
there were a definite progression in arm 
number from five to nine, it would be im- 
practicable to make the proposed division. 
However, since no six-, seven-, or eight- 
armed forms are known, it seems feasible and 
desirable to classify the uniserial forms into 
two genera, one with five arms, and one to 
include the nine- and 10-armed species. 

Kirk described what appears to be Phan- 
ocrinus gracilis (Wetherby), from his de- 
scription and figures, as Phanocrinus for- 
mosus (Worthen). This difficulty is removed 
by redescribing and figuring these species. 
A few other points should be noted. The 
figures and description which Kirk gives of 
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Eupachycrinus spartarius Miller in his use 
of that species to represent a characteristic 
Eupachycrinus, are of a form other than 
spartarius, probably Eupachycrinus irregu- 
laris, a new species described in this paper. 
The form illustrated contains three anal 
plates in the dorsal cup, whereas the holo- 
type of Eupachycrinus spartarius has but 
two and is placed by us in Intermediacrinus. 
Also, he leaves the impression in the discus- 
sion of his new genus Ethelocrinus, which 
contains Eupachycrinus-like forms with but 
two anal plates in the dorsal cup, that species 
with two anal plates are restricted to the 
Pennsylvanian and that they were derived 
from Eupachycrinus of the preceding period. 
It is probably true that Ethelocrinus was de- 
rived from an Eupachycrinus-like ancestor 
and does not occur in the Mississippian, but 
there are several Mississippian species with 
but two anal plates in the dorsal cup. These 
differ from Ethelocrinus in that anal x has 
not as yet migrated as far out of the dorsal 
cup as in that genus. In the Mississippian 
species anal two has migrated out of the dor- 
sal cup but anal x has not as yet moved high 
enough to abut laterally both right and 
left posterior radials as it does in Ethelo- 
crinus. Neither has the modification at- 
tained the stage where anal two is not in 
contact with the radianal, which is the con- 
dition in Ethelocrinus. This, therefore, repre- 
sents a stage in the progression from forms 
with three anal plates in the dorsal cup to 
those in which but one or none remains. 
Species in this stage of the evolution of this 
group are placed in a new genus, Intermedia- 
crinus. 

It is desired to point out something else in 
connection with Kirk’s paper. He states in 
his generic description of Ethelocrinus (1937, 
pp. 605-606) that the plates of the dorsal 
cup are 


covered with coarse granules that tend to become 
confluent. 


It is questioned whether the ornamentation 
of the plates of the dorsal cup is of sufficient 
importance to be used as a generic deter- 
minant. This idea is well exemplified in a re- 
cent publication by Strimple (1938, pp. 11- 
12) wherein certain forms which lack this 
ornamentation are assigned to Ethelocrinus. 
There seems to be little doubt that they are 
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Ethelocrinus species, and it is considered 
that the definition should be altered to in- 
clude these forms in the genus. 

One other point should be emphasized. 
In the earlier days of descriptive paleon- 
tology, while materials were being gathered 
together, sorted, and crudely arranged, the 
grosser features were naturally made the 
basis for comparison and distinction. With 
increased information, it became necessary 
to pay attention to minor characters in or- 
der to get a well-developed and well-bal- 
anced degree of differentiation to suit the 
needs of faunal correlations and paleozoo- 
logical phylogenetic relationships. Although 
the minor details have become of much more 
importance, the major features are still of 
great value although their analytical rank 
has changed. Whereas formerly they were 
the final or near final distinguishing char- 
acteristics, they are now among the first to 
be considered, and the minor details are the 
end product in so far as differentiation is 
concerned. 

These ideas are substantiated by a study 
of the taxonomic history of any major 
group. As has been shown previously, the 
name Eupachycrinus has been applied to 
any crinoid with a certain well-developed 
type of dorsal-cup structure regardless of 
the number and character of arms. Kirk 
(1937, pp. 598-607) was the first to notice 
this unsatisfactory grouping of various 
forms, and Phanocrinus is the result. He 
based his differentiation between Eupachy- 
crinus and Phanocrinus upon the structure 
of the arms, whether uniserial or biserial. In 
attempting to push his line of reasoning to 
its logical conclusion, one difficulty arises 
which, although of minor importance, must 
be corrected. Many of the forms previously 
assigned to Eupachycrinus were without a 
known arm-number or structure. As may 
readily be seen these are incertae sedis in so 
far as we are concerned with the present 
mode of classification. The only possibility 
for their identification lies in certain fea- 
tures of the dorsal cup as recognized in the 
restricted genera. If a certain feature oc- 
curred in one and only one of these circum- 
scribed genera, it would be easy to place 
those forms with that cup feature in the 
proper genus whether or not the arms were 
known. However, no differentiating charac- 


teristic has been found constant for all 
forms. In fact, the dorsal cup, excluding the 
primibrachs in all cases as they are readily 
lost with the arms, of Eupachycrinus ger- 
manus Miller, a 14-armed, biserial form, can 
not be distinguished from that of Pentarami- 
crinus gracilis, which is a five-armed unise- 
rial form. That this is not a new observation 
concerning the group is indicated by the 
following quotation from Wachsmuth and 
Springer (1879, p. 358): 


We have an example in a specimen from Ken- 
tucky, which we owe to the kindness of Prof. 
Wetherby, evidently Eupachycrinus formosus 
(Zeacrinus formosus Worthen), which in every 
other respect is so closely allied to Eupachycrinus 
spartarius S. A. Miller (which has two rows of 
alternating arm pieces), that the two cannot be 
separated unless the arms are preserved;... . 


It may be noted as a point of interest that 
the two species can be distinguished by the 
position of the anal plates. 

The preceding quotation serves to illus- 
trate the point that unless arm number and 
structure are known, it is impossible to as- 
sign several of the dorsal cups to definite 
genera. Examination of the holotypes of 
most of the species originally assigned to 
Eupachycrinus shows that many Missis- 
sippian forms such as Eupachcrinus crassus 
Meek and Worthen, E. monroensis Wor- 
then, E. orbicularis Hall, E. subtumidus 
Worthen, and £. tumulosus Miller, were 
named from dorsal cups alone, the arms be- 
ing unknown. Although they have been 
termed Eupachycrinus in the past, that 
classification cannot now be justified be- 
cause it is not possible to say with any de- 
gree of certainty or accuracy that the arm 
structure was biserial rather than uniserial. 
Since neither the name Eupachycrinus nor 
that of any other established genus can be 
sustained for these forms, it is necessary to 
redefine this group under a new name. It is 
for this group that the name A generacrinus 
is proposed. This is to be a collective group 
name for all of those forms in which a 
definite type of dorsal cup occurs, but for 
which no arms are known. If the primibrachs 
remain, it will be possible to determine the 
number of arms, and the form can be as- 
signed to one of the genera erected for that 
number of arms. The question may be raised 
legitimately whether it is necessary to know 
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the arm structure in order to make the as- 
signment toa certain genus. We believe not, 
because no forms with this type of dorsal 
cup are known with biserial arm structure 
and 10 or less arms. Likewise, none of the 
definitely uniserial specimens are known to 
have more than 10 arms. 

Eupachycrinus monroensis Worthen has 
but one anal plate in the dorsal cup and 
therefore does not belong in any of the gen- 
era considered in this paper. The holotype 
of Eupachycrinus orbicularis (Hall) has not 
been examined, but illustrations of a para- 
type show that this species does not have 
a deep basal invagination. Since the in- 
frabasals are visible in side view, it is ten- 
tatively referred to Cromyocrinus. 

In the descriptions of species we have em- 
ployed for different plates the letter sym- 
bols which are in common usage by most 
paleontologists. Some of the specimens 
which we are illustrating possess such close 
sutures that, although they are readily dis- 
cernible under the binocular microscope, it 
has been necessary to retouch the photo- 
graphs in order to make the plates stand 
out distinctly. The specimens described are 
in the paleontological collections of Walker 
Museum at the University of Chicago, the 
University of Illinois, and the Illinois State 
Museum of Natural History. We wish to 
express our thanks to Professor Carey 
Croneis and other officials of Walker Mu- 
seum, and to Dr. Thorne Deuel of the IIli- 
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nois State Museum for the opportunity of 
studying material from these institutions. 
The collection in which each specimen may 
be found is indicated in the text and illus- 
trations. 


SYSTEMATIC DESCRIPTIONS 
Class CRINOIDEA Miller 
Order INADUNATA Wachsmuth 
and Springer 
Suborder FistuLata Wachsmuth 
and Springer 
Family PoTERIOCRINIDEA Roemer 
(emend. Wachsmuth and Springer) 
Genus EupAcHycrINus Meek 
and Worthen, 1865 

Eupachycrinus MEEK and WorTHEN, 1865, Acad. 
Nat. Sci. Philadelphia, Proc., p. 159; ——, 1866, 
Illinois Geol. Survey, vol. 2, Paleontology, pp. 
177, 178; WACHSMUTH and SPRINGER, 1880, 
Revision of the Paleocrinoidea, pt. 1, pp. 133- 
139; , 1879, Acad. Nat. Sci. Philadelphia, 
Proc., pp. 358-364; ——,, 1866, Revision of the 
Paleocrinoidea, pt. 3, sec. 2, p. 249; , 1886, 
Acad. Nat. Sci. Philadelphia, Proc., p. 173; 
BATHER, 1900, in Lankester, Treatise on 
Zoology, pt. 3, Echinoderma, p. 181; Kirk, 


1937, Jour. Paleontology, vol. 11, no. 7, pp. 
598-599. 


Column round in known species. Crown 
stout, compact, with heavy, relatively short 
rami. Dorsal cup bowl- to basin-shaped with 
deep basal invagination. IBB five, small, 
and hidden from side view in the basal in- 
vagination. BB five, large, hexagonal except 
the posterior and right posterolateral, which 


EXPLANATION OF PLATE 66 


All illustrations natural size unless otherwise indicated. 

Fics. 1, 2—Pentaramicrinus pulaskiensis (Miller and Gurley), 1.5. Anterior and posterior views 

of the holotype, Walker Mus., no. 6483. (p. 559) 

3-5—Intermediacrinus spartarius (Miller). Posterior, anterior, and basal views of the holotype; 

Walker Mus., no. 6413. p. 561) 

6, 7—Phanocrinus bellulus (Miller and Gurley). Posterior and anterior views of the palanae: 

2 Walker Mus., no. 6278. (p. 554) 

8-10—Eupachycrinus trregularis Sutton and Winkler, n. sp. Posterior, anterior, and basal 

views of the holotype; Walker Mus., no. 9418. (p. 551) 

11, 12—Phanocrinus cylindricus (Miller and Gurley). Posterior and anterior views of a syn- 

type; Walker Mus., no. 6412. (p. 553) 

13—A generacrinus parvaradianalis Sutton and Winkler, X2. Basal view of the holotype, oo 

what crushed; Walker Mus., no. 30531. (p. 565) 

14, 15—Pentaramicrinus gractlis (Wetherby). Anterior and posterior views of the ho ne 
Walker Mus., no. 6493. 

16,1 7—Eupachycrinus germanus Miller. Posterior and anterior views of the holotype; Walker 

Mus., no. 6411. (p. 551) 

18-21—Eupachycrinus durabilis (Miller and Gurley), X1.5. 18, 19, Anterior and posterior 

views of a Syntype; Walker Mus., no. 6482; 20, 21, Oblique posterior and anterior views of 

a hypotype, Walker Mus., no. 9412. (p. 549) 


+ 
> 
O 
< 
° 
< 


Mississippian Crinoids 


Sutton and Winkler, 


66 
iw? 
1 2 pe 
6 
W 11 12 - 
J tA) 19 
e 20 21 
| 


‘ 


MISSISSIPPIAN INADUNATA 


are heptagonal. In this and other described 
genera, the number of facets may appear to 
be one less on each basal unless the basal- 
infrabasal sutures are visible. The posterior 
and right posterolateral basals support the 
anal plates. The inferior portion of each 
plate curves inward to form the invagina- 
tion. RR five, broader than high with the 
greatest width along the superior surface. 

Three anal plates in the posterior interray 
of the dorsal cup. RA pentagonal, rests upon 
the posterior and right posterolateral 
basals, and supports rt and anal x. Anal x 
rests on the posterior basal and abuts rt, 
RA, and the left postero-lateral radial. The 
rt rests upon the radianal and against the 
right posterolateral radial and anal x. 

IBr large, pentagonal, each supporting 
two IIBr. The anterior IIBr bears two 
rami. In other rays the anterior half usually 
bifurcates on the IIBr, giving three rami in 
a radius, thus producing a total of 14 arms 
in most species. The rami are relatively 
short, stout, and compactly biserial. The 
arm ossicles bear stout pinnules. This genus 
differs from the closely related Jntermedia- 
crinus and Ethelocrinus, in which genera only 
two anal plates are in the dorsal cup. 

Genotype.—Graphiocrinus quatuordecem- 
brachialis Lyon. 

Remarks.—This genus includes the Amer- 
ican species quatuordecembrachialis, dura- 
bilis, germanus, variabilis and probably boy- 
dii. The crinoids from China which Tien 
referred to Eupachycrinus do not seem to 
belong in this genus. 


EUPACHYCRINUS QUATUORDECEM- 
BRACHIALIS (Lyon) 


Graphiocrinus 14 brachialis Lyon, 1857, Ken- 
aay Geol. Rept., vol. 3, p. 477, pl. 1, figs. 
Eupachycrinus 14-brachialis (Lyon) MEEK and 
ORTHEN, 1865, Acad. Nat. Sci. Philadelphia 
Proc., ser. 1, vol. 17 (ser. 2, vol. 9), p. 159, 
1866, Illinois Geol. Survey, Paleontology, vol. 
2, sec. 2, p. 177. 

Eupachycrinus quatuordecembrachialis (Lyon) 
WACHSMUTH and SpRINGER, 1879, Acad. Nat. 
Sci. Philadelphia, Proc., p. 363; ——, 1880, 
ibid., Revision of the Paleocrinoidea, pt. 1, p. 
139; S. A. MILLER, 1883, The American 
Palaeozoic fossils, supplement to first edition 
(called second edition on title page), p. 282; 
S. WELLER, 1898, U. S. Geol. Survey, Bull. 153, 
p. 266; Kirk, 1937, Jour. Paleontology, vol. 
11, no. 7, pp. 599-601, pl. 84, figs. 4-7. 


549 


Dorsal cup smooth, low, bowl-shaped, 
about one-half as high as wide. IBB of the 
holotype detached and probably in the dor- 
sal cup. BB five, quite tumid, with about 
one-half their length involved in the basal 
invagination. Each B has a median groove 
in that portion involved in the pit. Plates 
hexagonal, except the posterior and right 
posterolateral which are heptagonal. The 
right posterolateral and posterior BB sup- 
port the RA between them and the posterior 
B supports anal x superiorly. RR, penta- 
gonal, about two-thirds as high as wide 
with the greatest width along the superior 
edge. RA large, pentagonal, and about one- 
half as wide as long. Anal x is pentagonal, 
about two-thirds as large as the radianal, 
and rt is nearly as large as anal x. 

IBr large, pentagonal, about one-half as 
high as wide. The anterior plate is the larg- 
est,and the right and left posterolateral ones 
are somewhat smaller than the others. Each 
plate has a tumid boss below the point of 
contact between the secundibrachs borne 
by that plate. There are 14 compactly bi- 
serial arms in this species, with three in all 
but the anterior radius, which has but two. 
The upper portion of the arm is broken 
away, but the arms taper as though they 
were not very long. This species is character- 
ized by the relative shapes and sizes of the 
plates in the dorsal cup together with the 14 
arms and the produced character of the 
IBr. No specimens have been available for 
illustrations. 

Type.—Holotype from the Chester of 
Crittendon County, Kentucky, and is no. 
$3817 in the Springer collection of the U. S. 
National Museum. 

Remarks.—Cyathocrinus? pentalobus Hall 
is listed by S. Weller in his ‘Bibliographic 
Index of North American Carboniferous In- 
vertebrates” as a synonym of Eupachycrinus 
quatuordecembrachialis. These forms are con- 
sidered to be different and are herein assigned 
to two genera. Quatuordecembrachialis is re- 
tained in Eupachycrinus and pentalobus is 
placed in Intermediacrinus. 


EUPACHYCRINUS DURABILIS 
_ (Miller and Gurley) 
Plate 66, figures 18-21 


Zeacrinus durabilis MILLER and GuRLEY, 1895, 
Illinois State Mus. Nat. History, Bull. no. 6, 


‘ 
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P. 48, pl. 4, figs. 14-15; S. WELLER, 1898, 

. S. Geol. Survey, Bull. 153, p. 651. 

Eupachycrinus durabilis (Miller and Gurley) 
SuTTON and HaGan, 1939, Jour. Paleontology, 
vol. 13, no. 1, p. 83. 


This is a small, somewhat barrel-shaped 
species. Dorsal cup low, basin-shaped, about 
one-third as high as wide. IBB hidden be- 
neath the column. BB about as high as 
wide, and although but slightly involved in 
the basal invagination, are scarcely visible 
in side view because of the basin shape of 
the dorsal cup. RR nearly twice as large as 
the basals, pentagonal, with the greatest 
extension along the superior edge. RA 
elongate, narrow, about one-half as wide as 
long, and pentagonal. Anal x hexagonal and 
about two-thirds as large as the radianal. 
The rt plate hexagonal and about equal in 
size to anal x. 

IBr pentagonal, large, about as high as 
the dorsal cup, and three-fourths as high as 
wide. All bear three arms except the ante- 
rior, which has but two. The IIBr in the an- 
terior position in each radius bearing three 
arms is large, as high as wide, and bears two 
rami. Arms short, about five times the 
height of the dorsal cup, tapering very 
much, and composed of cuneate to inter- 
locking ossicles. The lower arm plates are 
least cuneate but become more cuneate in a 
distal direction, changing from plates ex- 
tending entirely across the arms in the lower 
portions to definitely biserial structure at 
some distance from the arm bases. This spe- 
cies is distinguished by its smallness, the 
shape and relative size of the dorsal cup, and 
the character of the arms. 

T ype.—Synty pes are no. 6482 in the Gur- 
ley collection of the University of Chicago 
and were collected from the Chester series 
in Sloans Valley, Pulaski County, Ken- 
tucky. The illustrated hypotype is no. 9412 
in the Gurley collection and was collected 
from the Chester series in Pulaski County, 
Kentucky. 


EUPACHYCRINUS? BOYDII Meek 
and Worthen 
Plate 67, figures 16, 17 


Eupachycrinus boydii MEEK and WoRTHEN, 
1870, Acad. Nat. Sci. Philadelphia, Proc., p. 30; 
1873, Illinois Geol. Survey, vol. 5, p. 554, 
pl. 21, fig. 6; S. WELLER, 1898, U. S. Geol. 
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Survey, Bull. 153, p. 266; E. Woop, 1909, U.S. 

Nat. Mus., Bull. 64, p. 95, pl. 7, figs. 1-5. 

Dorsal cup bowl-shaped, rounded above 
and below with the greatest width near the 
top of the basals, and smooth, with well de- 
fined sutures. Cup about 2} times as wide 
as high, with fairly large basal invagination. 
IBB dropped into the basal invagination. 
BB normal for the genus, about one-half 
as wide as long, with about one-third their 
length involved in the basal invagination. 
Each B possesses a central groove through- 
out the portion in the basal invagination. 
This groove enlarges into a pit about half- 
way to the base of the invagination. RR 
pentagonal, three-fifths as high as wide with 
the greatest width at the point of junction 
of two radials and the superior tip of a 
basal. There are probably three anal plates 
in the dorsal cup although the holotype 
specimen retains only anal x. RA probably 
roughly pentagonal, anal x pentagonal, 
about one-half as large as the radianal space 
and about one-half in the cup. The rt plate 
likewise missing. 

Three IBr preserved in the holotype. 
Each is pentagonal, about one-third as high 
as wide, and supports two IIBr of which the 
posterior position bears one arm and the an- 
terior two in so far as can be determined. 
This form very probably possessed 14 
arms, which is the usual number for the 
genus. The arms are broken, but their bases 
show that they are stout and compactly bi- 
serial. This species is characterized by the 
rounding of the dorsal cup above, causing it 
to be narrower at the top of the RR than at 
the bottom. Likewise, the grooves with the 
pitlike enlargement in the BB are useful for 
identification. 

Type.—Holotype from the Chester series 
near Chester in Randolph County, Illinois, 
and is no. X-138 in the paleontological col- 
lection at the University of Illinois. 

Remarks.—The holotype is broken, leav- 
ing but the anterior, left anterolateral and 
left posterolateral regions. Although RA is 
missing, this form is thought to have had 
three anal plates in the dorsal cup, since the 
position and shape of anal x are the same as 
for other Eupachycrini. The specimen il- 
lustrated by E. Wood is evidently not boy- 
dii, but possibly a specimen of Intermedia- 
crinus tumidus. 


we 
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EUPACHYCRINUS GERMANUS Miller 
Plate 66, figures 16, 17 
Eupachycrinus germanus MILLER, 1879, Cin- 

cinnati Soc. Nat. History, Jour., vol. 2, p. 40, 

pl. 8, fig. 3. 

Eupachycrinus spartarius (Miller) S. WELLER, 
1898, U. S. Geol. Survey, Bull. 153, p. 266. 
Dorsal cup smooth, bowl-shaped, about 

one-half as high as wide, with basal invagi- 

nation concealing the infrabasals from side 
view. IBB small and sunken in the basal 
invagination. BB nearly as wide as high, 
with about one-third their lengths involved 
in the basal invagination. RR pentagonal, 
about one-half as high as wide, with greatest 
width along the superior edge. There are 
three anal plates in the dorsal cup. RA pen- 
tagonal, elongate, narrow, about one-half 
as wide as long; anal x hexagonal, about one 
half as large as the radianal; and rt pentag- 

onal and about one-half as large as anal x. 

Approximately one-half of anal x is in the 

cup, and about one-fifth of the rt plate is be- 

low the radial-primibrach suture. IBr pen- 
tagonal, about one-half as high as wide, the 
two posterior slightly larger than the oth- 
ers. All bear three arms except the anterior, 
which has but two. The anterior IIBr in 
each radius except the anterior is enlarged, 
about as high as wide, and bears two rami. 

This makes 14 arms in this species. Arms 

stout, compact, biserial, about four times as 

long as the height of the dorsal cup, and 
with long, stout pinnules. This form is dis- 
tinguished by the relative shape of the 

crown. It was referred to by Weller as a 

synonym for spartarius but is here consid- 

ered to be distinct. 

T ype.—Holotype from the Chester series 
of Pulaski County, Kentucky, and is no. 6411 
of the Gurley collection at the University 
of Chicago. 


EUPACHYCRINUS IRREGULARIS 
Sutton and Winkler, n. sp. 
Plate 66, figures 8-10 


Dorsal cup smooth, low bowl-shaped, 
about one-half as high as wide. IBB small, 
pentagonal, extending slightly beyond the 
proximal columnal. BB about as high as 
wide, hexagonal, except the posterior and 
and right posterolateral which are heptag- 
onal, and with about one-fifth the length 
involved in the basal invagination. RR 


larger than the basals, pentagonal, about 
two-thirds as high as wide, with the greatest 
width along the superior edge. RA large, 
pentagonal, about four-fifths as wide as 
long. Anal x pentagonal, about two-thirds 
as large as RA, and with about one-half its 
length in the cup. The rt plate is pentagonal, 
smaller, and half in the cup. 

IBr large, pentagonal, about three-fifths as 
high as wide, each supporting two IIBr. The 
anterior I]Br in the right and left antero- 
lateral radii support two arms, each produc- 
ing three rami to each of these rays. The pos- 
terior IIBr of the left posterolateral ray 
supports two arms, producing three rami in 
this ray also. The anterior and right pos- 
terolateral IBr support but two rami each, 
making a total of 13 arms in the species. 
The rami begin with uniserial cuneate 
plates which change to compactly biserial 
at the third or fourth. Rami are about six 
times the height of the dorsal cup. Each 
ramus bears long stout jointed pinnules. 

This species is characterized by the large 
size, shape, and relationship of the anal 
plates to each other and to the other plates 
of the dorsal cup, and the irregular devel- 
opment of the arms. This may be the form 
described and figured by Kirk (1937, pp. 
601-602, pl. 84, figs. 8-14) as a typical 
Eupachycrinus spartarius Miller. 

Type.—The type specimen came from the 
Chester series (probably Glen Dean lime- 
stone) of Pulaski County, Kentucky, and is 
no. 9418 in the Gurley collection at the Uni- 
versity of Chicago. 


Genus PHANocRINUS Kirk, 1937 
(emend. Sutton and Winkler) 
Phanocrinus Kirk, 1937, Jour. Paleontology, 

vol. 11, no. 7, p. 602. 

This genus differs mainly from Eupachy- 
crinus in the structure of the arms. In Eu- 
pachycrinus, as redefined, the rami are rela- 
tively short, stout, biserial, and composed 
of cuneate ossicles. In Phanocrinus they are 
uniserial and composed of quadrangular 
plates. Kirk included both five- and 10- 
armed species in the genus. However, in 
order to carry the classification to a logical 
conclusion, it seems better to make a sepa- 
ration based upon the number of arms. Since 
Zeacrinus formosus Worthen, Kirk’s geno- 
type, has 10 rami, those with five rami, 
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such as Cromyocrinus gracilis Wetherby, are 
to be removed from Phanocrinus and made 
a separate genus. This necessitates a redefi- 
nition of Phanocrinus. 

Dorsal cup low, shallow, bowl- to basin- 
shaped, broader than high with a fairly 
deeply invaginated base, smooth, with 
somewhat tumid plates. Crown long, stout, 
compact. Arms unbranched, uniserial, pin- 
nulate, 10, or in some species, nine, in 
number. Column slender, circular, with 
small axial canal. Dicyclic. IBB small, pen- 
tagonal, five in number, and completely in 
the basal invagination. BB five, fundamen- 
tally hexagonal, except the posterior and 
right posterolateral which are heptagonal. 
They curve sharply inward to form the dor- 
sal invagination. In this genus as well as in 
the other genera and the collective group 
discussed in this paper, the BB of many spe- 
cies appear pentagonal or hexagonal in- 
stead of hexagonal or heptagonal when the 
basal-infrabasal sutures are not exposed. 
However, when the plates are disarticulated 
it is evident that there are two facets on the 
dorsal side of each B rather than one curved 
facet. The apparent absence of two sharply 
delimited facets on this part of the BB is 
most pronounced in those species in which 
the IBB have become fused into a pentag- 
onal disk. It is quite probabie that in pre- 
vious descriptions of specimens of this 
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group of crinoids in which BB are said to be 
pentagonal that they are in reality hexago- 
nal, but because of inability to see clearly the 
facets of the lower side of the BB they have 
been called pentagonal. RR five, pentagonal 
except the right posterolateral which in 
some species is four-sided, convex outward, 
greatest width along the superior surface, 
about two-thirds as high as wide. Each ray, 
except the anterior in some species and the 
left posterolateral in one, contains one axil- 
lary, pentagonal I Br, about one-half as high 
as broad, which rests on the truncated upper 
surface of a radial. The IBr, which supports 
but one arm in the nine armed forms, is 
quadrangular. The IIBr are quadrangular, 
gradually becoming smaller distally. 

The anal area contains three plates, a 
radianal, anal x, and the right tube plate, 
in the dorsal cup. RA long, narrow, usually 
pentagonal and completely in the cup. It is 
truncated on the inferior edges by two BB, 
on the right by a radial, on the left by anal 
x, and on the superior surface by rt. Anal x 
is about one-half as large as the RA, usually 
hexagonal, although pentagonal in some 
species, bounded dorsally by a basal, on the 
right by the RA and rt, above by a tube 
plate, and on the left by a radial and a prim- 
ibrach. Its lower half is usually within the 
dorsal cup. The second anal plate is smaller 
than anal x, usually hexagonal, ventral to 
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All illustrations natural size unless otherwise indicated. 
Fics. 1, 2—Intermediacrinus asperatus (Worthen). Posterior and anterior views of the holotype, 


Illinois State Mus., no. 2443. (p. 561) 
3, 4—Phanocrinus mantformis (Yandell and Shumard), X1.5. Posterior and anterior views of 
a hypotype; Walker Mus., no. 19133. (p. 554) 
5, 6—Phanocrinus fragosus Sutton and Winkler, n. sp., X 1.5. Anterior and posterior views of the 
holotype; Walker Mus., no. 30083. (p. 557) 
7, 8—Phanocrinus compactus Sutton and Winkler, n. sp. X1.5. Anterior and posterior views of 
the holotype; Walker Mus., no. 30244. (p. 555) 
9, 10—Phanocrinus parvaramus Sutton and Winkler, n. sp. Posterior and anterior views of the 
holotype; Walker Mus., no. 9414. (p. 556) 
11—Intermedtacrinus variabilis Sutton and Winkler, n. sp. Oblique basal view of the uleene: 
Walker Mus., no. 39404. (p. 502) 
12, 13—Phanocrinus nitidus (Miller and Gurley). Posterior and anterior views of the holotype; 
Walker Mus., no. 19131. (p. 555) 
14, 15—Phanocrinus inflatoramus Sutton and Winkler, n. sp. Anterior and posterior views of 
the holotype; Walker Mus., no. 9416. (p. 555) 
16, 17—Eupachycrinus boydit Meek and Worthen. Posterior and left lateral views of the holo- 
type; Illinois Univ., no. X-138. (p. 550) 
18, 19—Ageneracrinus tumulosus (Miller). Basal and posterior views of the holotype; Walker 
Mus., no. 6240. (p. 563) 


20, 21—Ageneracrinus subtumidus (Worthen). Posterior and basal views of the holotype; 
Illinois Univ., no. X-842. (p. 563) 
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the radianal and dorsal to a second tube 
plate, bordered on the right by a radial and 
primibrach and on the left by anal x and 
tube plate, and usually with about one-half 
or less of its length in the cup. 

Genotype.—Zeacrinus formosus Worthen. 

Remarks.—This genus as restricted will 
contain the genotype Zeacrinus formosus 
Worthen, and the following species, cylin- 
dricus, maniformis, bellulus, and nitidus of 
the heretofore described forms, and the new 
species inflatoramus, compactus, parvaramus 
supratumulosus, fragosus, and petalloformis. 
Of these, inflatoramus, compactus, and niti- 
dus are nine-armed while bellulus and mani- 
formis are very probably so. The species 
with five rami, which definitely seem to in- 
dicate an evolutional and developmental 
stage nonconjunctive with that of Phano- 
crinus, are classified in the new genus, Pen- 
taramicrinus. This is such a distinct, clean- 
cut form that no one should have any dif- 
ficulty in distinguishing it from other gen- 
era. 


PHANOCRINUS FORMOSUS (Worthen) 
Plate 68, figures 17-19 

Zeacrinus formosus WoRTHEN, 1873, Illinois 
Geol. Survey, vol. 5, p. 549, pl. 21, fig. 2. 

Eupachycrinus formosus WELLER, 1898, U.S. 
Geol. Survey, Bull. 153, p. 264. 

Phanocrinus formosus Kirk, 1937, Jour. Pal- 
a vol. 11, no..7, p. 603, pl. 84, figs. 
Basin-shaped dorsal cup with a flattened 

base. Basal invagination involves one- 

fourth to one-third of the BB. IBB small, 
and extend beyond the proximal columnal. 

BB of nearly the same height and width, 

moderately tumid, fundamentally hex- 

agonal, except the right posterolateral 
and posterior which are heptagonal. RR 
pentagonal, except the right posterolateral 
which is four-sided, with the longest side 
for the articulation with the primibrach. 
The RR are about three-fifths as high as 
wide with the greatest width at the point 
of articulation with the IBr. The RA is 
pentagonal and moderately large. Most of 
anal x is missing from the holotype but 
probably it was pentagonal or hexagonal 
and about one-half the size of the RA. The 
right posterolateral R is somewhat mashed 
in the type specimen, but judging from the 
height and position of the left posterior R, 
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there were three anal plates in the dorsal 
cup, although nothing can be determined as 
to the size and shape of rt. Three radii 
of the type specimen bear two uniserial 
rami each with a single axillary IBr. The 
remainder of the specimen is broken away. 
Surface of all plates covered with fine, non- 
confluent granules. 

Type.—Holotype is no. X-817 of the 
Worthen collection of the University of 
Illinois. Collected from the Chester series 
at Chester, Randolph County, Illinois. 


PHANOCRINUS CYLINDRICUS 
(Miller and Gurley) 
Plate 66, figures 11, 12 
Zeacrinus cylindricus MILLER and GuURLEY, 1894, 
Illinois State Mus. Nat. History, Bull. 5, p. 38, 
pl. 3, figs. 19-21. 
Phanocrinus cylindricus SuTTON and HaGan, 
1939, Jour. Paleontology, vol. 13, no. 1, p. 83. 


Dorsal cup moderately low, basin-shaped. 
IBB small, and extending beyond the proxi- 
mal columnal. BB slightly longer than wide, 
curving inward and upward abruptly into 
the basal invagination for about one-third 
their length. The middle part of each B is 
depressed before uniting with the IBB 
plates. Three BB are hexagonal and two, 
the posterior and right posterolateral are 
heptagonal, although, because the sutures 
at the dorsal ends are invisible, each ap- 
pears to possess one facet less. The three 
posterior BB are slightly larger than the 
two anterior, with the right posterolateral 
the largest. RR pentagonal, about two- 
thirds as high as wide, with the greatest 
width at the top. The RA is moderately 
large and pentagonal. Anal x is pentagonal 
and about two-thirds as large as the RA. 
The rt plate is pentagonal and about one- 
half the size of anal x. 

There are five pentagonal IBr nearly 
twice as wide as high with the greatest 
width along the inferior edge. Each sup- 
ports two long, subfusiform, uniserial, 
unbranched rami. The length of the arms is 
about eight times the height of the dorsal 
cup. The arm ossicles are short, quadrangu- 
lar, and bear short, stout pinnules. Although 
Miller and Gurley described it as having a 
granular surface, this is not evident on the 
syntypes. This form can be distinguished 
from Phanocrinus formosus, which is com- 
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posed of plates covered with fine to medium- 
sized nonconfluent granules. Also the basal 
plates of Phanocrinus formosus are not de- 
pressed before they join the infrabasals as 
in Phanocrinus cylindricus. 

Type.—The syntypes are no. 6412 of the 
Walker Museum collection. They were ob- 
tained from the Chester series of Pulaski 
County, Kentucky. 


PHANOCRINUS MANIFORMIS 
(Yandell and Shumard) 
Plate 67, figures 3, 4 


Cyathocrinus maniformis YANDELL and SuHvu- 
MARD, 1847, Contributions to the geology of 
Kentucky, p. 25, pl., fig. 2. 

Poteriocrinus maniformis SHUMARD, 1855, Mis- 
souri Geol. Survey, Ann. Rept., p. 217. 

Zeacrinus maniformis HALL, 1858, lowa Geology, 
vol. 1, pt. 2, p. 682, pl. 25, fig. 8. 

Scytalocrinus maniformis WACHSMUTH and 
SPRINGER, 1879, Acad. Nat. Sci. Philadelphia, 
Proc., p. 340. 

Eupachycrinus mantformis WaAcCHSMUTH and 
SPRINGER, 1886, Acad. Nat. Sci. Philadelphia, 
Proc., p. 173; Keyes, 1894, Missouri Geol. 
Survey, vol. 4, p. 217; WELLER, 1898, U. S. 
Geol. Survey, Bull. 153, p. 265; E. Woop, 1909, 
U.S. Nat. Mus., Bull. 64, p. 94, pl. 11, fig. 4. 


Dorsal cup bowl-shaped, about twice as 
wide as high. IBB small. The lower one- 
third of the BB inflected sharply to form 
the basal invagination. BB normal for the 
genus. The RR are pentagonal and about 
as high as wide. The RA is pentagonal and 
of medium size. Anal x is pentagonal and 
nearly as large as the radianal. It supports 
rt and It. The rt is hexagonal and nearly as 
large as anal x. The IBr are about one-half 
as high as wide and each supports two uni- 
serial rami except the left posterolateral, 
which bears but one ramus, making a total 
of nine arms. The rami are about six times 
the height of the dorsal cup. 

Type.—Holotype from the Chester lime- 
stone at Chester, Illinois, and a plasto- 
hypotype is no. 15854 in the James Hall 
collection of Walker Museum at the Uni- 
versity of Chicago. The illustrated hypo- 
type was collected from the Chester series 
at Dover Hill, Martin County, Indiana and 
is no. 19133 in the Gurley collection in 
Walker Museum. 

Remarks.—We are in considerable doubt 
as to the exact characters of this species. 
We have not been able to examine the 
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holotype but have seen a plasto-hypotype 
on which the characters are not well dis- 
played. Earlier descriptions vary, some 
designating it as a nine-armed and others 
as a 10-armed form. Illustrations likewise 
are of little value. The hypotype which we 
have illustrated, while not a particularly 
good specimen, appears to show most of 
the essential characters. It appears to pos- 
sess 10 arms. The new species P. parvaramus 
Sutton and Winkler possesses arms quite 
similar to maniformis and is definitely 10- 
armed. The specimen described by Wood 
(1909, p. 94, pl. 11, fig. 4) does not seem to 
be maniformis because the elongation of 
the radianal is from posterior basal to right 
posterolateral radial rather than from right 
posterolateral basal to anal x as is the posi- 
tion in the plasto-hypotype and hypotype 
which we have examined. Its exact identity 
is not determinable from the description and 
one figure. 


PHANOCRINUS BELLULUS 
(Miller and Gurley) 
Plate 66, figures 6, 7 


Zeacrinus bellulus MILLER and GuRLEy, 1894, 
Illinois State Mus. Nat. History, Bull. 3, p. 34, 
pl. 3, fig. 8; WELLER, 1898, U. S. Geol. Survey, 
Bull. 153, p. 650. 

Scytalocrinus? bellulus SutToN and HaGan, 1939, 
Jour. Paleontology, vol. 13, no. 1, p. 83. 


Small, slightly constricted above the IBr. 
Dorsal cup basin-shaped. Surface granular. 
Moderately deep basal invagination. IBB 
small. BB so completely in the invagination 
that only the tops are visible in side view. 
The holotype does not exhibit all of the 
basals, but it is presumed that they are 
the same as in other species, namely, three 
hexagonal and two heptagonal. 

RR pentagonal, about three-fourths as 
high as wide, with the longest edge the 
articulation for the primibrachs. RA elon- 
gate, narrow, and pentagonal. Anal x 
hexagonal and nearly as large as the RA. 
The rt pentagonal and smaller. 

The IBr are pentagonal, rather large, 
nearly as large as the radials, and three- 
fourths as high as wide. Each IBr appears 
to bear two uniserial rami composed of 
nearly quadrangular to slightly cuneate 
arm pieces. However, since the anterior 
radius is not visible and there are only nine 
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arms showing superiorly, it is quite possible 
that there are only nine arms in this species. 
The rami are about six times as long as 
the height of the dorsal cup. This species 
is quite distinct because the BB are so pro- 
nouncedly involved in the basal invagina- 
tion and the IBr are practically as large 
as RR. 

Type.—The holotype was collected from 
the Chester series near Shoals, Martin 
County, Indiana, and is no. 6278 of the 
Gurley collection at the University of 
Chicago. 


PHANOCRINUS NITIDUS 
(Miller and Gurley) 
Plate 67, figures 12, 13 


Zeacrinus nitidus MILLER and GuRLEy, 1894, 
Illinois State Mus. Nat. History, Bull. 3, p. 36, 
pl. 6, figs. 3, 4; WELLER, 1898, U. S. Geol. 
Survey, Bull. 153, p. 652. 

Phanocrinus nitidus SUTTON and HaGan, 1939, 
Jour. Paleontology, vol. 13, no. 1, p. 83. 


Species small, constricted at the primi- 
brachs. Surface granular. Dorsal cup bowl- 
shaped. IBB small and fallen into the basal 
invagination. BB plates normal, as high as 
wide, about one-fourth in the basal invagi- 
nation. RR pentagonal, and three-fifths as 
high as wide, with the greatest width at the 
top. The RA is fairly large and quadrangu- 
lar, abuts against the posterior and right 
posterolateral BB below and against the 
right posterolateral radial and anal x 
above. Anal x hexagonal and rests upon the 
radianal, posterior basal, and left postero- 
lateral radial. The rt plate is missing in the 
holotype but was evidently quite small and 
almost out of the cup. 

The IBr are pentagonal except the an- 
terior, whichis quadrangular, and are about 
four-fifths as high as wide. With the excep- 
tion of the anterior, which supports but one 
ramus, each IBr supports two short stout 
uniserial rami composed of cuneiform os- 
sicles. The nine rami in this species are 
about four times as long as the height of 
the dorsal cup. The short, relatively large 
rami and the peculiar anal interray are 
characteristic. 

Type.—The holotype is no. 19131 of the 
Gurley collection at the University of 
Chicago and came from the Chester series 
of Randolph County, Illinois. 


PHANOCRINUS COMPACTUS 
Sutton and Winkler, n. sp. 
Plate 67, figures 7, 8 


Dorsal cup small, sutures very well closed. 
IBB hidden by the column. BB normal. 
About one-half of each basal plate is in- 
volved in the basal invagination. The 
sutures are so closely knit that a side view 
gives a perfectly smooth surface where the 
plates turn inward. RR pentagonal, superior 
edge longest, about three-fifths as high as 
wide, and curved in such a manner that the 
superior side of the dorsal cup turns inward, 
forming nearly a semicircic from the basal 
invagination to the superior edge of the 
radials. The RA is large and pentagonal. 
Anal x ishexagonal and slightly smaller 
than the radianal, with about three-fourths 
of its length in the cup. The rt is elongate 
and pentagonal, with about one-half its 
length in the cup. 

IBr five, pentagonal, except the anterior, 
which is quadrangular. Their heights are 
nearly equal to their widths. Two arms in 
each ray except the anterior, which has but 
one. Each ramus is composed of a single 
series of quadrangular ossicles. The upper 
portions of the rami of the holotype are 
broken away so it is not possible to deter- 
mine the original length. Because of the 
small size of the ossicles it is presumed that 
the arms were not very long. In this speci- 
men the ventral sac protrudes above the 
broken arms. It is about twice as thick as 
an arm and enlarges gradually until it is 
terminated in a blunt end with five small 
protuberances. This species is characterized 
by the closely knit plates, the shape of the 
dorsal cup, and the shape of the plates of 
the anal interray. 

Type.—The holotype came from the 
Golconda limestone near Golconda, Illinois, 
and is no. 30244 in the Walker Museum 
collection. 


PHANOCRINUS INFLATORAMUS 
Sutton and Winkler, n. sp. 
Plate 67, figures 14, 15 
Dorsal cup bowl-shaped, sutures distinct, 
plates smooth, with no protuberant edges. 
IBB small, hidden. BB normal with about 
one-half of each plate in the invagination. 
RR pentagonal, about two-thirds as high 
as wide, with the greatest width along the 


555 


556 A. H. SUTTON AND 


superior edge at the point of articulation 
with the primibrachs. The right postero- 
lateral radial, radianal, and anal 2 are miss- 
ing in the holotype. The RA has been lost 
but the cavity remaining indicates that it 
must have been five- or six-sided and but 
slightly larger than anal x. Anal x is hexa- 
gonal and half in the cup. 

Only two IBr are preserved. The anterior 
is quadrangular and supports one ramus. 
The right anterolateral is pentagonal, 
three-eighths as high as wide, and bears 
two rami. The spaces formerly occupied by 
the other primibranchs show that they were 
like the right anterolateral. This is a nine- 
armed species. The rami are composed of 
narrow quadrangular ossicles with very 
close, smooth sutures. Each ramus widens 
gradually from the proximal attachment to 
the midpoint of its length and then steadily 
but rapidly tapers to the end. At the point 
of maximum width each ramus is from five- 
eighths to three-fourths as wide as the 
primibrach, which produces a_ peculiar 
barrel-shaped appearance. The extreme 
width of the IBr as compared to their 
height and the inflated character of the 
rami are the main diagnostic features of this 
species. 

Type——The holotype came from the 
Chester series of Pulaski County, Ken- 
tucky, and is no. 9416 of the Gurley Col- 
lection of Walker Museum. 


PHANOCRINUS PARVARAMUS 
Sutton and Winkler, n. sp. 
Plate 67, figures 9, 10 


Dorsal cup low, saucer-shaped, about 
three eighths as high as wide and composed 
of slightly tumid, smooth plates. IBB small 
and hidden beneath the proximal columnal. 
BB slightly tumid, about two-thirds as 
wide as high with about one-third their 
length in the shallow basal invagination. 
RR much more tumid than the basals, 
about three-fourths as high as wide with 
the greatest width slightly below the 
superior edge. RA very large, pentagonal, 
fairly tumid, about two-thirds as wide as 
long. Anal x pentagonal, nontumid, about 
one-half as large as the radianal and very 
narrow where it joins the posterior basal, 
being so acute dorsally as to appear four- 
sided rather than five-sided. The rt hexa- 


VIRGIL D. WINKLER 


gonal, about one-half as large as anal x, and 
about one-third in the cup. 

IBr pentagonal, about one-half as high 
as wide, with the greatest width along the 
inferior edge. Each supports two short, 
uniserial arms composed of somewhat 
tumid, rounded ossicles, which bear elon- 
gate jointed pinnules. Arms about four 
times the height of the dorsal cup, nearly 
uniform for about two-thirds their lengths 
and then tapering very rapidly to a point. 
This species is characterized by the shape 
of the dorsal cup, the very acute anal x, 
the tumid character of the radials as com- 
pared to the other plates of the cup, and the 
length and character of the rami. 

Type.—The holotype was collected from 
the Chester series, probably Glen Dean 
formation, of Pulaski County, Kentucky, 
and is no. 9414 of the Gurley coliection, the 
University of Chicago. 


PHANOCRINUS SUPRATUMULOSUS 
Sutton and Winkler, n. sp. 
Plate 68, figures 9, 10 


Dorsal cup high, bowl-shaped with very 
tumid basals. All plates of dorsal cup 
smooth. IBB fused into a somewhat tumid, 
pentagonal disk protruding beyond the 
small proximal columnal. BB protuberant, 
occupying about iwo-thirds the entire 
height of the cup, fundamentally hexagonal 
and heptagonal but appearing to possess 
one facet less on each, because of the almost 
continuous curvature of the dorsal side 
where it is in contact with the infrabasal 
disk. RR pentagonal, about one-half as 
high as wide, with greatest width along the 
superior surface. They exhibit greatest 
tumidity in the central portion and slope 
off to the edges. The anal plates cannot 
be completely determined in this specimen. 

IBr pentagonal, about three-fifths as 
high as wide, somewhat tumid with greatest 
tumidity across the base and at the superior 
end, where they form a nodelike structure. 
In so far as can be determined from the 
holotype there are 10 rami composed of 
quadrangular ossicles. The specimen is 
somewhat broken, leaving the IBB, BB, 
some of the RR and IBr, and a few of the 
arms. 

The characteristics of this form are the 
protuberant, smooth basals and the peculiar 
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radials and primibrachs. It varies from the 
nearest described form, Ageneracrinus tu- 
midorugosus, in the lack of ornamentation 
of the basals and the character of the 
primibrachs and from Ageneracrinus tu- 
mulosus (Miller) in the character of the 
fused infrabasal disk and shape of the 
basals. 

Type.—The holotype was collected from 
the Chester series of Randolph County, 
Illinois, and is no. 19132 in the Gurley col- 
lection of the University of Chicago. 

Remarks.—It may seem questionable 
whether this can be ascribed to Phano- 
crinus, but we believe so because no uni- 
serial forms of this general character are 
known with but two anal plates in the dorsal 
cup. Likewise, since each of the two pre- 
served primibrachs gives rise to two rami, 
it is believed that this was a nine- or 10- 
armed species, and its assignment to that 
genus is indicated. Since A. tumidorugosus 
and A. tumulosus bear such a close resem- 
blance to this species, it would seem prob- 
able that they belong in the same genus, 
but because no arm structure is known for 
them they are assigned to A generacrinus. 


PHANOCRINUS PETALLOFORMIS 
Sutton and Winkler, n. sp. 
Plate 68, figures 5, 6 


Dorsal cup smooth, low, bowl-shaped, 
about one-half as high as wide, with non- 
tumid plates. IBB and columnals lost 
from the holotype. IBB were small and 
probably hidden in the basal invagination 
beneath the proximal columnal. BB about 
three-fourths as wide as high, with about 
one-fourth their length in the basal invagi- 
nation. Each has a depression in the center 
where it bends into the concavity. RR 
pentagonal, about two-thirds as high as 
wide, with the greatest width along the 
superior edge. RA large, pentagonal, and 
about three-fifths as wide as long. Anal x 
hexagonal, about two-thirds as largeas RA, 
and with about one-half its length in the 
cup. The rt plate is pentagonal, about two- 
thirds as large as anal x and with about 
one-third its length in the cup. 

IBr pentagonal, about three-fourths as 
wide as high, greatest width along the in- 
ferior edge. They are sharply constricted 
about midway of the length. The left 
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posterolateral IBr is missing from the 
holotype, but each of the other four bore 
two uniserial arms composed of quadrangu- 
lar ossicles. Since in this genus, the ray 
that possesses only one arm in the nine- 
armed forms is, with the exception of P. 
mantformis, the anterior, and because this 
form possessed two arms in the anterior 
ray, it is presumed that it was a 10-armed 
species. The most diagnostic features of 
this species are the sharply constricted 
IBr, the deep invagination, the relative 
size of the BB, and their depressed shape 
where they enter the basal concavity, and 
the size of the RR. 

Type.—The holotype was collected from 
the Paint Creek shale, one and one-fourth 
miles northwest of Floraville, Illinois, by 
Stuart Weller. It is no. 26923 in the Weller 
collection of Walker Museum. 


PHANOCRINUS FRAGOSUS Sutton 
and Winkler, n. sp. 
Plate 67, figures 5, 6 


Small species with dorsal cup smooth, 
low, bowl-shaped, about one-half as high 
as wide. IBB hidden beneath the proximal 
columnal. BB nearly as wide as high and 
typical of the genus. RR pentagonal, about 
one-half as high as wide, with the greatest 
width along the superior surface. RA small, 
pentagonal, about twice as long as wide. 
Anal x about the same size and with about 
two-thirds its length in the cup. The rt 
plate is pentagonal, about two-thirds as 
large as anal x, and with nearly half the 
length in the cup. 

IBr five, pentagonal, about two-thirds as 
wide as high, supporting two rami each. 
The right and left posterolateral and the 
anterior IBr are about one-third longer 
than the right and left anterolateral 
plates. Rami short, about five times the 
height of the dorsal cup, 10 in number, 
each composed of one series of slightly 
cuneate ossicles, which bear long stout 
pinnules. This form is characterized by its 
small size, the shortness of the arms, the 
small radianal, and the character of the 
primibrachs. 

Type.—The holotype and paratypes are 
no. 30083 of the Walker Museum collection 
and were obtained from the Renault lime- 
stone three miles east of Waterloo, Illinois. 
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Genus PENTARAMICRINUS Sutton 
and Winkler, n. gen. 


Dorsal cup smooth, moderately low, shal- 
low, bowl- to basin-shaped, broader than 
high with a deeply invaginated base. Crown 
long, slender, compact. Arms five, un- 
branched, uniserial, and pinnulate. Column 
slender, circular. Dicyclic. The five IBB 
form a pentagonal disk but do not extend 
beyond the proximal columnal. BB five, 
hexagonal except the posterior and right 
posterolateral which may vary, although 
they are usually heptagonal. In most speci- 
mens the BB appear pentagonal and hex- 
agonal because of the nearly arcuate char- 
acter of the two inferior basal facets. This 
is especially so if the  basal-infrabasal 
sutures are hidden by the column. However, 
insofar as we know, the BB are always 
fundamentally hexagonal except the pos- 
terior and right posterolateral which pos- 
sess more than six facets. BB curve sharply 
inward to form the dorsal invagination. 
RR five, pentagonal, slightly convex out- 
wards, greatest width along the superior 
surface, about one-half as high as wide. 
The first brachial is elongate, quadrangular, 
and about one-third as high as wide. The 
remaining brachials are quadrangular, grad- 
ually enlarging to a point near the middle 
of each ramus and then slightly but gradu- 
ally becoming smaller distally. The arm os- 
sicles bear stout pinnules alternating on 
each side. The anal area of the dorsal cup 
contains three plates, RA, anal x, and rt 
plate. The RA is variable in shape, trun- 
cated on its inferior edges by one or two BB, 
on the right by a radial, on the left by anal 
x, by the left posterolateral radial, or both, 
and on its ventral surface by the rt plate. 
Anal x is less than two-thirds as large as the 
RA, bounded on the left by a radial, at the 
upper left by a primibrach, to the right by 
RA and rt, and may or may not be in con- 
tact with a basal below. It is nearly half in- 
cluded in the dorsal cup. The rt plate is 
slightly smaller than anal x, has a small por- 
tion of the dorsal half of the plate in the 
dorsal cup, and is bounded inferiorly by RA, 
to the left by anal x and a tube plate, and 
to the right by the right posterolateral radi- 
al and primibrach. 

The characteristic feature of this genus 
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which differentiates it from the closely re- 
lated genus Phanocrinus Kirk is that it 
contains but five rami, one in each radius. 
The dorsal cup is higher than that of Phano- 
crinus and may be best described as bowl- 
shaped. 

Genotype.—Cromyocrinus gracilis Wether- 


by. 


PENTARAMICRINUS GRACILIS (Wetherby) 
Plate 66, Figures 14, 15 
Cromyocrinus gracilis WETHERBY, 1880, Cincin- 
nati Soc. Nat. History, Jour., vol. 2, p. 248, 

pl. 16, figs. 2-2e; W. A. MILLER, 1883, The 

American Paleozoic fossils, 2d edition, p. 281. 
Eupachycrinus gracilis WACHSMUTH and SPRING- 

ER, 1886, Revision of the Paleocrinoidea, pt. 3, 

sec. 2, p. 249; 1886, Acad. Nat. Sci. Philadel- 

phia, Proc., p. 173. 

Phanocrinus gracilis Kirk, 1937, Jour. Paleon- 
tology, vol. 11, no. 7, p. 606, pl. 84, fig. 3. 
Dorsal cup bowl-shaped, about one-half 

as high as wide. IBB small and hidden be- 
neath the column. Basal invagination in- 
volves about one-third of the BB, which are 
normal for the genus and nearly as high as 
wide. RR about two-thirds as high as wide 
and with the IBr articulation facet extend- 
ing the entire width of the plate. The RA 
is moderately large, pentagonal, and nearly 
twice as long as wide, and is in contact with 
two basals. Anal x is hexagonal, smaller than 
the RA, more than half in the cup, and in 
contact with the posterior basal. The rt 
plate is hexagonal, about two-thirds as large 
asanalx, with about one-third of the length 
in the cup. Two additonal tube plates are 
exposed in the posterior interray of the 
holotype. 

Each ray is a single long, stout arm, com- 
posed of essentially quadrangular ossicles, 
which bear stout alternating pinnules. 

The first IBr is relatively large, elongate, 
two-thirds as high as wide, and non-axillary. 
The rami increase in width to a point about 
one-third their length and then decrease 
slightly in size. They are about 10 times as 
long as the height of the dorsal cup. 

The specimens studied are those of the 
Gurley collection at Walker Museum and 
the University of Illinois collection, and one 
obtained by Stuart Weller, which is also 
from Walker Museum. Those of the Gurley 
collections came from the Chester series of 
Pulaski County, Kentucky, and that of 
Stuart Weller from the Golconda limestone 
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one mile north of Ruma, Illinois. 
Type.—Holotype is no. 6493 of the Gur- 
ley collection, Walker Museum. 


PENTARAMICRINUS MAGNARADIANALIS 
Sutton and Winkler, n. sp. 
Plate 68, figures 24, 25 


Dorsal cup moderately low, bowl-shaped, 
broader than high, with deeply invaginated 
base. IBB small and hidden beneath the 
proximal columnal. The BB are more than 
one-fourth in the basal invagination. They 
are of nearly the same height and width, 
except the right posterolateral and right 
anterolateral, which are somewhat larger. 
All BB hexagonal except the right postero- 
lateral, whichis heptagonal. Anal x does not 
contact the basals. RR pentagonal except 
the left posterolateral, which is hexagonal, 
nearly twice as wide as high, with greatest 
width along the superior surface. The RA 
is very large, hexagonal, more than twice 
the size of anal x. It abuts the posterior 
basal and left posterolateral radial on the 
left and the right posterolateral basal and 
radial upon the right. It supports anal x and 
rt. Anal x is small, pentagonal, abutting 
against the radianal and left posterolateral 
radial and only about one-fourth in the 
cup. The rt plate is much smaller and ex- 
tends only a very short distance into the 
cup. 

Each ray consists of a single stout arm. 
The first IBr is large, and its distal face slop- 
ing. The arm ossicles are quadrangular. 
This species differs from Pentaramicrinus 
gracilis (Wetherby) in possessing a much 
larger RA, which does not assume the same 
position with respect to the surrounding 
plates. 

Type.—The holotype is no. 39353 of the 
Gurley collection at the University of Chi- 
cago and came from the Chester series of 
Pulaski County, Kentucky. 


PENTARAMICRINUS PULASKIENSIS 
(Miller and Gurley) 
Plate 66, figures 1, 2 
Zeacrinus pulaskiensis MILLER and GURLEY, 
1895, Illinois State Mus. Nat. History, Bull. 
no. 3, p. 47, pl. 4, figs. 12, 13; WELLER, 1898, 
U. S. Geol. Survey, Bull. 153, p. 652. 


Dorsal cup bowl-shaped, about one-half 
as high as wide. IBB hidden beneath the 


column. Basal invagination involves about 
one-third of the BB, which are nearly the 
same height and width, and hexagonal ex- 
cept the posterior, which is heptagonal. The 
posterior is the only one in contact with any 
anal plates. RR pentagonal, about two- 
thirds as high as wide, with the primibrach 
articulation facet extending the entire width 
of the plate. The RA is quadrangular, small, 
and about one-half the length of anal x. It 
rests on the posterior basal, abuts anal x on 
the left, the right posterolateral radial on 
the right, and supports the rt. Anal x is 
hexagonal, about twice as long as wide, con- 
siderably wider toward the top, and about 
two-thirds in the cup. It rests upon the su- 
perior face of the posterior basal. The rt 
plate is smaller, pentagonal, and about one- 
third in the cup. 

Each ray bears a single relatively stout 
arm. The first primibrach is rather large, 
elongate, slightly longer than wide, and 
nonaxillary. The rami increase in size to a 
point about two-fifths their length, beyond 
which they decrease in size and taper to a 
blunt point. The quadrate ossicles bear pin- 
nules. The rami are about eight times as 
long as the height of the dorsal cup. This 
form differs from Pentaramicrinus gracilis in 
the relative positions and sizes of anal and 
basal plates. 

Type.—The holotype was obtained from 
the Chester series (probably the Glen Dean 
limestone) at Sloan’s Creek, Pulaski Coun- 
ty, Kentucky, and is no. 6483 of the Gurley 
collection of the University of Chicago. 


Genus INTERMEDIACRINUS Sutton 
and Winkler, n. gen. 


Dorsal cup moderately low, bowl- to basin- 
shaped with relatively flat base and a tend- 
ency to constriction at the arm bases. The 
basal invagination obscures the infrabasals 
in side view. Plates convex and may or may 
not be covered with granules or pustules. 
IBB five, forming a pentagon, sometimes 
extending beyond the proximal columnal. 
BB five, fairly large, hexagonal, except the 
posterior and right posterolateral, either or 
both of which may be heptagonal or octag- 
onal. Each plate may appear to possess one 
less facet than the actual number if the in- 
ferior edges are not visible. RR low and 
broad, with the articulating facets occupy- 
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ing the entire width of the plates. 

There are two anal plates in the dorsal 
cup, RA and anal x. RA large, commonly 
pentagonal, resting usually on the posterior 
and right posterolateral basals, and sup- 
porting anal x and the rt plate, which is out 
of the cup. In one species RA is not in con- 
tact with the right posterolateral basal. 
Only one-fifth or less of its length extends 
above the radial-primibrach suture. Anal x 
usually hexagonal, resting upon the pos- 
terior B and RA and laterally abutting 
against the left posterolateral R, RA, anda 
tube plate. It is situated with about the 
lower half in the cup. 

Rami compact, stout, biserial, varying in 
number, although 14 seems to be normal. 
Column circular in cross section. 

Genotype.—Eupachycrinus asperatus Wor- 
then. 

Remarks.—It is difficult to select a geno- 
type species for this genus. Only two of the 
described species, spartarius and asperatus, 
have complete crowns, and neither of these 
possesses features which are best suited for 
this purpose. Spartarius, which has arms 
and plates whose general characters are sim- 
ilar to most members of this group, has a 
radianal which is not in contact with the 
right posterolateral basal. Asperatus has a 
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radianal which is more normal, in contact 
with both posterior and right posterolat- 
eral basals, but the general character of the 
plates is not typical of these forms because 
of the development of angular protuber- 
ances on many of them. The irregular num- 
ber of arms in the different rays is also not 
typical. Because we believe that the geno- 
type should be a form as complete as possi- 
ble and because most of the described spe- 
cies assigned to this genus possess radianals 
in contact with two basals, we have selected 
asperatus rather than spartarius as the geno- 
type, even though the general character of 
the plates and the arm development are not 
typical. We feel that the typical arrange- 
ment of anal plates in asperatus is of more 
significance than the irregularities men- 
tioned above. 

This genus is considered one of an evolu- 
tionary series leading from the five-armed, 
uniserial forms with three anal plates in the 
dorsal cup to the 12- to 18-armed, biserial 
forms with but oneanal platein the cup. The 
main differentiation between this genus and 
Ethelocrinus is that anal x has risen in the 
dorsal cup of Ethelocrinus until it is bounded 
by both the right and left posterolateral ra- 
dials. In Intermediacrinus, anal x has not 
risen sufficiently high to be bounded by both 


EXPLANATION OF PLATE 68 


All illustrations natural size unless otherwise indicated. 
Fics. 1, 2—Ageneracrinus basalis Sutton and Winkler, X2. Basal and posterior views of the holotype 
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Walker Mus., no. 19137. 


Pp. 
3, 4—Ageneracrinus parvabasalis Sutton and Winkler, X2. Posterior and basal views of the 


holotype; Walker Mus., no. 19135. 


(p. 565) 


5, 6—Phanocrinus petalloformis Sutton and Winkler, 5, X2; 6, X1.5. Basal and ame — 


of the holotype; Walker Mus., no. 26923. 
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7, 8—Ageneracrinus altacal yx Sutton and Winkler, X2. Basal and posterior views of the holo- 


type; Walker Mus., no. 39406. 


p- 565) 


9, 10—Phanocrinus supratumulosus Sutton and Winkler, Posterior and basal views of he holo- 


type; Walker Mus., no. 19132. 


Univ., no. X-841. 


(p. 556) 


11, 12—Intermediacrinus pentalobus (Hall). Posterior and basal views of the holotype; Illinois 


(p. 562) 


13, 14—Ageneracrinus platycalyx Sutton and Winkler, <2. Basal and posterior views of a syn- 


type; Walker Mus., no. 26791. 


p. 564) 


15, 16—Intermediacrinus tumidus Sutton and Winkler, X2. Posterior and basal views al the 


holotype; Walker Mus., no. 19134. 


(p. 
17-19—Phanocrinus formosus (Worthen). Anterior, posterior, and basal views of the Me haved 


Illinois Univ., no. X-81 


561) 
p. 553) 


20, 21—Ageneracrinus tumidorugosus Sutton and Winkler. Posterior and basal views "al the 


holotype; Walker Mus., no. 39346. 


2, 23—A generacrinus basalotumidus Sutton and Winkler, X2. Basal and posterior — cal the 


holotype; Walker Mus., no. 9430. 


p. 566) 
565) 


24, 25—Pentaramicrinus magnaradiinalis Sutton and Winkler, 2. Posterior and basal views 


of the holotype; Walker Mus., no. 39353. 


p. 559) 
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radials. The radianal extends above the right 
posterolateral radial. 

In this genus we are placing the follow- 
ing species: asperatus, spartarius, pentalob- 
us, tumidus, and variabilis. 


INTERMEDIACRINUS ASPERATUS 
(Worthen) 
Plate 67, figures 1, 2 
Eupachycrinus asperatus WORTHEN, 1882, Illinois 

State Mus. Nat. History, Bull. 1, p. 34; 1883, 

Illinois Geol. Survey, vol. 7, p. 311, pl. 29, 

fig. 4; S. WELLER, 1898, U. S. Geol. Survey, 

Bull. 153, p. 264. 

Dorsal cup of medium size, bowl-shaped, 
about one-half as high as wide, with tumid 
angular plates. IBB concealed beneath the 
column. BB hexagonal, except the posterior 
and right posterolateral which are heptag- 
onal, extended into angular protuberances 
above the basal pit. Right posterolateral 
basal supports RA on the left side, and the 
posterior basal supports RA and anal x. BB 
about two-thirds as wide as high with about 
one-third their length in the basal pit. RR 
pentagonal, except the right posterolateral, 
which is quadrangular, about one-half as 
high as wide, and each extended inferiorly 
into an angular protuberance. RA pentag- 
onal, elongate, about one-half as wide as 
long, and angularly protuberant centrally, 
Anal x small, about one-third as large as the 
radianal, and about one-half in the cup. 

IBr five, pentagonal, about one-third as 
high as wide, with angular protuberance 
near the central superior part. Each sup- 
ports two II Br. The three anterior rami bear 
two arms each. The right posterolateral 
radius bears four arms and the left postero- 
lateral three. This gives 13 biserial arms, 
which taper rapidly toward their extremi- 
ties. The location of the angular nodes on 
the BB, RR, and IBr together with the 
shape and nature of the anal plates, the de- 
pressions in the basals, and the arm num- 
bers are all characteristic of this species. 

Type.—The holotype is no. 2443 of the 
Illinois State Museum of Natural History 
and came from the Chester series of Monroe 
County, Illinois. 


INTERMEDIACRINUS SPARTARIUS (Miller) 
Plate 66, figures 3, 5 


spartarius S. A. MILLER, 1879, 
incinnati Soc. Nat. History, Jour., vol. 2, p. 
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38, pl. 8, fig. 2; S. WELLER, 1898, U. S. Geol. 

Survey, Bull. 153, p. 266; Kirk, 1937, Jour. 

Paleontology, vol. 11, no. 7, pp. 601-602, pl. 

84, figs. 8-14. 

Dorsal cup bowl-shaped, about one-third 
as high as wide, smooth, with convex plates. 
IBB dropped out of sight in the basal in- 
vagination. BB hexagonal except the pos- 
terior, which is heptagonal, with an arcuate 
right superior facet. BB nearly as high as 
wide, with about one-fourth their length in- 
volved in the basal invagination. RR pen- 
tagonal, about two-thirds as high as wide, 
with the greatest width along the superior 
edge. The posterior-lateral RR are short- 
ened somewhat to allow for the insertion 
of the anal plates. RA quadrangular, resting 
one arcuate-shaped side upon the posterior 
basal while it abuts anal x and the right 
posterolateral radial laterally and supports 
rt but does not contact the right postero- 
lateral basal. Anal x as large as the radianal, 
pentagonal, and about one-half in the cup. 
The rt plate rests upon the RA and lies 
completely out of the dorsal cup. 

IBr pentagonal, about one-half as high as 
wide, and support two IIBr each. The an- 
terior IIBr in each arm except in the an- 
terior ray is much larger than the other and 
supports two arms, whereas the smaller sup- 
ports but one. The anterior radius has two 
arms. This makes 14 arms in this species. 
Arms stout, compactly biserial, tapering 
very slightly. The tips of all the arms are 
broken away in the type specimen. Each 
arm ossicle bears a long, slender pinnule. 
This species is characterized by the shape 
and size of the anal plates and their rela- 
tionship to the dorsal cup. 

Type-——The holotype came from the 
Chester series of Pulaski County, Kentucky, 
and is number 6413 of the Gurley collection 
at the University of Chicago. 


INTERMEDIACRINUS TUMIDUS Sutton 
and Winkler, n. sp. 
Plate 68, figures 15, 16 


Dorsal cup low, saucer-shaped, about one- 
third as high as wide, with the greatest width 
at the center of the radial plates. All plates 
smooth and tumid, although anals x and two 
are but slightly so. IBB small and hidden 
in the basal invagination by the proximal 
columnal. BB all nearly the same size, about 
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two-thirds as wide as high, with about one- 
third their length in the basal invagination. 
The posterior and right posterolateral ones 
are heptagonal and the others hexagonal. 
RR pentagonal except the right postero- 
lateral, which is quadrangular, about two 
thirds as high as wide with their tops curv- 
ing inward so that a flattening of the dorsal 
cup results. RA large, pentagonal, about 
twice the size of anal x, which is pentagonal 
and sitting about one-half in the cup. The 
rt plate is quite small and completely out of 
the dorsal cup. Column and arms unknown. 

This species is characterized by the lack 
of angularity of the tumid plates, the gen- 
eral shape of the dorsal cup, and the charac- 
ter of the anal plates. It resembles most 
nearly Ageneracrinus basalotumidus Sutton 
and Winkler, from which it differs in having 
but two anal plates in the cup. 

Type.—The holotype is no. 19134 of the 
Walker Museum collection and was ob- 
tained from the Renault limestone four and 
one-half miles southwest of Red Bud, IIli- 
nois. 


INTERMEDIACRINUS VARIABILIS Sutton 
and Winkler, n. sp. 
Plate 67, figure 11 


Dorsal cup smooth, bowl-shaped, about 
one-third as high as wide, with a deeply in- 
vaginated base. IBB hidden in the basal 
invagination. BB somewhat tumid, protrud- 
ing out as far as the greatest extension of the 
radials, nearly as wide as high, with about 
one-third of their lengths in the basal in- 
vagination. The central portion of that part 
of each basal which is in the invagination is 
depressed. RR pentagonal except the right 
posterolateral, which is rudely quadrangu- 
lar, about two-thirds as high as wide, with 
the greatest width at the superior edge. RA 
very large, pentagonal, moderately tumid, 
and about two-fifths as wide as long. Anal 
x small, roughly pentagonal, and about two- 
fifths as large as the radianal. The rt plate is 
nearly the same size as anal x and entirely 
out of the cup. 

The arms of the holotype are broken 
loose and lie outspread beside the calyx. 
Three IBr are preserved. Each is somewhat 
tumid and low, about one-third as high as 
wide, and bears two superior facets. Re- 
mains of four moderately large arms are 
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embedded in the matrix. Each is compactly 
biserial except for the last 15 ossicles of the 
arm on the left, which extend completely 
across the arm. The length and lack of ta- 
pering, except in this arm, indicate that they 
were fairly long. A portion of the column, 
which is moderately large and composed of 
alternating large and smaller round ossicles, 
remains. This species is characterized by the 
general shape of the dorsal cup and the na- 
ture of the anal plates. 

Type.—The holotype is no. 39404 of the 
Walker Museum collection and was ob- 
tained from the Paint Creek formation at 
Columbia, Illinois. 


INTERMEDIACRINUS PENTALOBUS (Hall) 
Plate 68, figures 11, 12 
Cyathocrinus? pentalobus HALL, 1858, lowa Geol- 
ogy, vol. 1, pt. 2, p. 687, pl. 25, figs. 5a, b. 


Eupachycrinus quatuordecembrachialis WELLER, 
1898, U. S. Geol. Survey; Bull. 153, p. 266. 


Dorsal cup almost rectangular in side 
view. All plates of the cup extremely pro- 
duced in the center but meeting normally 
at the margins. These protuberances be- 
come crudely angular in the extensions of 
the basal plates but remain rounded in the 
anal and radial plates. Basal invagination 
very large and deep. IBB small, pentagonal, 
extending beyond the proximal columnal. 
BB hexagonal, except the posterior and 
right posterolateral, which are heptagonal. 
The right posterolateral supports RA upon 
the left and the posterior bears RA upon the 
right superior sloping shoulder and anal x 
superiorly. BB about one-third involved in 
the basal invagination. As they emerge 
from the basal pit, they become greatly pro- 
tuberant. RR hexagonal, except the right 
posterolateral, which is roughly quadrangu- 
lar, nearly as high as wide, with the greatest 
width along the superior edge, produced 
greatly near the central superior part. RA 
pentagonal and very long, with the width 
about one-half the length. Anal x small, 
hexagonal, about one-third the size of RA, 
slightly tumid, and about two-thirds in the 
cup. Column and arms unknown. 

This species is characterized by the very 
broad and deep basal depression, the angu- 
larly produced BB and rounded protuber- 
ant RR and RA. It was considered to be 
synonymous with E. quatuordecembrachialis 
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by Stuart Weller in U. S. Geol. Survey, 
Bull. 153, but we find that they are com- 
pletely distinct. 

Type.—Holotype is no. X-841 in the Uni- 
versity of Illinois collection and came from 
the Chester series, Pope County, Illinois. 


Collective Group AGENERACRINUS 
Sutton and Winkler, nom. nov. 


Dorsal cup low, shallow, bowl- to basin- 
shaped, broader than high, with a fairly 
deeply invaginated base, smooth with some- 
what tumid to very tumid plates. Crown un- 
known. Dicyclic. IBB five, small and hidden 
in the basal invagination in side view. BB 
five, fundamentally hexagonal, except the 
posterior and right posterolateral which are 
heptagonal. Superficially, they appear pen- 
tagonal and hexagonal if the lower facets 
are not visible. This is especially true in 
those forms in which the IBB have fused 
into a disk with the development of more or 
less arcuate sides. A portion of the BB is 
involved in the basal invagination. RR five, 
usually pentagonal, although the right pos- 
terolateral may vary from this shape, con- 
vex outward, with greatest width along the 
superior surface, wider than high. Parts of 
three anal plates in the dorsal cup. RA as 
large or larger than either of the other two. 
Anal x in most forms rests upon the left 
superior sloping shoulder of RA. The rt 
plate rests upon the right superior sloping 
shoulder of anal x and on RA. 

IBr and arms unknown. Because of the 
absence of these elements it is not possible 
to assign these forms to any of the described 
genera. 

Remarks.—That there shall be no ques- 
tion concerning the validity of such a desig- 
nation as we propose, attention is called to 
the first recommendation of Article eight in 
the General Considerations of the Interna- 
tional Rules of Zoological Nomenclature 
which states: 

Certain biological groups which have been pro- 
posed distinctly as collective groups, not as sys- 
tematic units, may be treated for convenience as 


if they were genera, but they require no type 
species. 


Moore (1938, pp. 175-189) recently has em- 
ployed this method of classification for frag- 
mentary crinoidal remains, chiefly individ- 
ual plates of various types. We are confining 
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it to more or less complete dorsal cups. 
Moore’s scheme of classification utilizes the 
terms group and section for taxonomic 
units comparable in rank to genus and spe- 
cies respectively. Types were designated for 
sections but not for groups, in harmony 
with the Rules of Nomenclature. The same 
general plan of classification is followed in 
this paper. 

The following forms are assigned to this 
collective group: subtumidus, tumulosus, 
platycalyx, basalis, basalotumidus, parvaba- 
salis, altacalyx, parvaradianalis, and tumid- 
orugosus. All but the first two are new. 


AGENERACRINUS SUBTUMIDUS (Worthen) 
' Plate 67, figures 20, 21 
Zeacrinus subtumidus WoORTHEN, 1873, Illinois 

Geol. Survey, vol. 5, p. 548, pl. 21, fig. 1. 
Eupachycrinus subtumidus WELLER, U. S. Geol. 

Survey, Bull. 153, p. 268. 

Dorsal cup bowl-shaped, about one-third 
as high as wide. IBB small, almost hidden 
in the basal concavity by the column. BB 
normal for the group, nearly as wide as 
high, protuberant, with about one-fourth 
their length involved in the basal invagina- 
tion. RR pentagonal, about one-half as high 
as wide, with the greatest length along the 
superior surface, tumid but not protuber- 
ant. The RA is fairly large, protuberant, 
and hexagonal. Anal x is hexagonal, very 
tumid, about three-fourths as large as the 
radianal, and with nearly two-thirds of its 
length in the cup. The rt plate is hexagonal, 
strongly tumid, nearly as large as anal x, 
and is situated with the lower half in the 
dorsal cup. IBr, rami, and column un- 
known. Surface of plates without ornamen- 
tation. This form can be recognized by the 
protuberant BB and RR and relative sizes 
and shapes of the anal plates. 

Type.—The holotype is from the Chester 
series near Bay City, Pope County, Illinois, 
and is no. X-842 in the Worthen collection 
at the University of Illinois. 


AGENERACRINUS TUMULOSUS (Miller) 
Plate 67, figures 18, 19 


Eupachycrinus tumulosus MILLER, 1891, Indiana 

1. Survey, 17th Rept., Advance Sheets, p. 

70, pl. 9, figs. 9, 10; ——, 1892, idem., p. 680, 

pl. 9, figs. 9, 10; WELLER, 1898, U. S. Geol. 
Survey, Bull. 153, p. 266. 


Dorsal cup bowl-shaped, about one-half 
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as high as wide with the greatest width near 
the top of the basals. All plates of the dorsal 
cup covered with fine granules. IBB fused 
to form a small, flat, pentagonal disc, which 
lies completely in the basal invagination. 
BB very protuberant, with greatly depressed 
sutures. They form two-thirds the height 
of the dorsal cup and are unequal in size, 
with the right posterolateral about half 
larger than any of the others, and the pos- 
terior the smallest. The junctions between 
facets are more or less rounded, producing 
an outline which lacks the angulations of 
most species. RR pentagonal, slightly tu- 
mid, about one-third as high as wide, with 
the greatest length along the superior edge. 
RA pentagonal, very large and protuberant, 
nearly as large as a radial. Anal x is small, 
about one-fourth as large as RA and some- 
what tumid. It is pentagonal, rests upon RA 
and against the left posterolateral radial, 
and wedges down between them to touch 
the posterior basal. More than one-half is 
in the cup. The rt plate is about the same 
size and shape as anal x but is less than one- 
half in the cup. 

IBr, rami, and column unknown, although 
the cicatrix on the IBB indicates that the 
column was round and very small, about 2 
mm. in diameter and less than one-half the 
diameter of the infrabasal disk. This form is 
characterized by the large tumid BB, their 
size, relationships, and the size of RA with 
respect to the other anal plates. Its resem- 
blances and possible relationships to Phan- 
ocrinus supratumulosus and Ageneracrinus 
tumidorugosus have been discussed else- 
where. 

Type.—The holotype is from the Chester 
series of Breckenridge County, Kentucky, 
and is no. 6240 in the Gurley collection at 
the University of Chicago. 


AGENERACRINUS PLATYCALYX Sutton 
and Winkler, new section 


Plate 68, figures 13, 14 


Dorsal cup low, basin-shaped, scarcely 
one-third as high as wide, plates slightly tu- 
mid, with no markings. IBB small, pen- 
tagonal, hidden under column in basal in- 
vagination. Length and width of BB about 
equal, with about one-fourth their length 
involved in the dorsal invagination. The 
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posterior basal extends somewhat higher in 
the cup than do the others. RR pentagonal, 
about one-half as high as wide, with the 
greatest length along the superior surface. 
The RA is pentagonal, about one-half as 
wide as long. Anal x is hexagonal, about one- 
half as large as RA, with approximately one- 
half its length in the cup. The rt plate is 
pentagonal, about one-half the size of anal x, 
and with only about one-third of its length 
in the cup. The very low, saucer-shaped dor- 
sal cup and the narrow, elongate RA are the 
main diagnostic features of this form. 
Types.—The syntypes are from the Shet- 
lerville member of the Renault limestone 
one-half mile south of Eichorn, Illinois, and 
are no. 26791 of the Walker Museum col- 
lection at the University of Chicago. 


AGENERACRINUS BASALIS 
Sutton and Winkler, new section 


Plate 68, figures 1, 2 


Dorsal cup smooth, bowl-shaped, about 
one-half as high as wide, RR curving in- 
ward as much as do the BB before they en- 
ter the basal invagination. IBB very small, 
hidden under column in basal invagination. 
BB very large, about as wide as high, not 
tumid, with about one-fourth their length 
in the basal invagination. RR pentagonal, 
about three-fifths as high as wide, with the 
greatest width slightly below the superior 
edge, unequal in size, with the left and right 
posterolateral ones smaller than the others. 
RA very large, pentagonal, about four- 
fifths as wide as long. Anal x pentagonal, 
about one-fourth as large as RA, and almost 
entirely in the cup. The rt plate is missing 
from the holotype, but the space between 
anal x, RA, and the right posterolateral 
radial suggests a small plate that was 
probably hexagonal and longer than wide. 
IBr, rami, and column unknown. This form 
is characterized by the shape of the dorsal 
cup, with the incurving RR, the large size 
of the BB and the relative sizes of the anal 
plates. 

Type.—Holotype is from the Chester 
series of Prarie du Long Creek, St. Clair 
County, Illinois, and is no. 19137 of the 
Gurley collection of Walker Museum, at 
the University of Chicago. 
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MISSISSIPPIAN INADUNATA 


AGENERACRINUS BASALOTUMIDUS 
Sutton and Winkler, new section 
Plate 68, figures 22, 23 


Dorsal cup smooth, bowl-shaped, about 
one-third as high as wide. IBB small, hid- 
den beneath the column in the basal in- 
vagination. BB moderately tumid, about 
five-sixths as wide as high, with about one- 
third their length in the basal invagination. 
RR pentagonal, larger than the basals, two- 
thirds as high as wide, with the greatest 
width along the superior edge. RA pentag- 
onal, slightly tumid, and about three-fifths 
as wide as long. Anal x hexagonal, about 
three-fourths as large as RA, and two-thirds 
in the cup. The rt plate is slightly smaller 
than anal x, hexagonal, and about one-half 
in the cup. The protruding tumid basals and 
the relative sizes of the anal plates are the 
characteristic features of this form. 

Type.—The holotype was collected from 
the Chester series of Union County, Illinois, 
and is no. 9430 in the Gurley collection of 
Walker Museum at the University of Chi- 
cago. 


AGENERACRINUS PARVABASALIS 
Sutton and Winkler,.new section 
Plate 68, figures 3, 4 


Dorsal cup low, basin-shaped, smooth, 
one-third as high as wide. IBB relatively 
large, pentagonal, extending beyond the col- 
umn in the basal concavity. BB small, the 
posterior and right posterolateral some- 
what larger than the others, about as wide 
as high, with about one-fourth their length 
involved in the basal concavity, hexagonal, 
except the posterior and right posterolat- 
eral which are heptagonal. RR somewhat 
tumid, pentagonal, about two-thirds as high 
as wide, with the greatest width along the 
superior edge. RA pentagonal, about two- 
thirds as wide as long at the greatest width, 
and tapering in both directions. Anal x hex- 
agonal, about two-thirds as large as RA, 
with nearly two-thirds of its length in the 
cup. The rt plate is hexagonal, about one- 
half as large as anal x, and has about one- 
third of its length in the cup. This form is 
characterized by the shape of RA, the peta- 
loid shape of the BB, and the large, tumid 
RR. 

Type.—Holotype from the Chester series 
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(probably Glen Dean) of Sloan’s Valley, 
Kentucky, and is no. 19135 of the Gurley 
collection of Walker Museum at the Uni- 
versity of Chicago. 


AGENERACRINUS ALTACALYX 
Sutton and Winkler, new section 
Plate 68, figures 7, 8 


Dorsal cup smooth, deeply bowl-shaped, 
about one-half as high as wide, with deep 
basal invagination. IBB small and hidden 
beneath the column in the basal invagina- 
tion. BB hexagonal, except the posterior 
and right posterolateral, which are heptag- 
onal, nearly as high as wide, with about one- 
fourth their length in the basal invagina- 
tion. RR pentagonal, about two-thirds as 
high as wide, with the greatest extension 
along the superior surface. RA large, pen- 
tagonal, three-fourths as wide as long. Anal 
x pentagonal and nearly as large as the ra- 
dianal, with three-fourths of its length in the 
cup. The rt plate is almost entirely missing 
from the holotype. It was probably hex- 
agonal, slightly smaller than anal x, and 
with about one-half its length in the cup. 
Column round and composed of alternating 
small and larger ossicles. This form is char- 
acterized by the depth of the dorsal cup and 
the size of the anal plates. 

Type.—The holotype is from the Chester 
series of Randolph County, Illinois, and is 
no. 39406 in the Gurley collection of Walker 
Museum at the University of Chicago. 


AGENERACRINUS PARVARADIANALIS 
Sutton and Winkler, new section 
Plate 66, figure 13 


Dorsal cup low, basin-shaped, about one- 
half as high as wide, with fine irregular to 
confluent reticulae covering the non-tumid 
plates. IBB hidden beneath the columnal in 
the basal invagination. BB hexagonal, ex- 
cept the posterior and right posterolateral, 
which are heptagonal, small, about two- 
thirds as wide as high, with more than one- 
third their length in the basal invagination. 
There is a depression in the center of each 
basal where it curves into the concavity. 
RR pentagonal, about one-half as high as 
wide, with the greatest width along the su- 
perior edge. RA small, pentagonal, and 
about one-half as wide as long. Anal x 
hexagonal, slightly larger than the radi- 
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anal, and with slightly less than one-half of 
its length in the cup. The rt plate is hexag- 
onal, only slightly smaller than anal x, and 
only slightly in the cup. Characteristic fea- 
tures of this form are the ornamentation of 
the plates and the relative approximate sizes 
of the anal plates. 

Type.—The holotype was collected from 
the Golconda limestone five miles north of 
Marion, Kentucky, and is no. 30531 of the 
Walker Museum collection. 


AGENERACRINUS TUMIDORUGOSUS 
Sutton and Winkler, new section 
Plate 68, figures 20, 21 


Dorsal cup about one-half as high as wide, 
bowl-shaped, with the greatest diameter near 
the top of the basal plates. Basal and anal 
plates, the radianal especially, very pro- 
tuberant, radials somewhat tumid. Basals 
and radianal with strong ridgelike mark- 
ings. IBB small, fused into a pentagonal 
disk, the corners of which protrude beyond 
the column. BB hexagonal, except the pos- 
terior and right posterolateral which are 
heptagonal, about as high as wide, with very 
little of the plates involved in the basal in- 
vagination, and forming more than two- 
thirds of the dorsal cup. The tumidity 
makes them appear almost round. RR pen- 
tagonal, about one-half as high as wide, with 
the greatest extent along the superior edge. 
Edges of the radials slightly deflected out- 
ward where they join the protuberant bas- 
als. RA pentagonal, about seven-eighths as 
wide as long, nearly as large as the radials, 
very protuberant, and covered with radiat- 
ing reticulae. Anal x hexagonal, nearly as 
large as the radianal, moderately protuber- 
ant, smooth, and almost entirely in the cup. 
The rt plate is missing from the holotype. 
It was nearly as large as anal x, probably 
hexagonal, and at least one-half in the cup. 

This form is characterized by the very 
large, protuberant basals with their radiat- 
ing markings and the character of the anal 
plates. Its resemblances to Phanocrinus su- 
pratumulosus and Ageneracrinus tumulosus 
were discussed in the description of P. su- 
pratumulosus. 

Type.—Holotype is from the Chester se- 
ries of Randolph County, Illinois, and is no. 
39346 in the Gurley collection at the Uni- 
versity of Chicago. 


VIRGIL D. WINKLER 
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NEW GENUS OF FORAMINIFERA FROM THE LATER 
TERTIARY OF CALIFORNIA 


M. L. NATLAND 
Richfield Oil Corperation, Los Angeles, Calif. 


ABSTRACT—Two species of the new genus Cassidulinella are figured and described 
together with figures showing the known geographic and stratigraphic occurrences 
of the species in the Miocene and Pliocene of Southern California. The new species 
Cassidulinella renulinaformis has been found at a number of widespread localities 
and makes a good zone for correlation. Cassidulinella pliocenica Natland, n. sp. has 
been found in the Upper Pliocene of the Ventura and Los Angeles Basins. 


OR SEVERAL years micropaleontologists 

working in Southern California have 
been calling a crushed impression of a cer- 
tain foraminifer by the generic name ‘‘Ren- 
ulina.”’ Recently, well-preserved specimens 
of this form were found, and a study of 
these specimens shows that the early cham- 
bers are coiled and biserial, similar to those 
of Cassidulina, and that the later chambers 
are also biserial but rapidly increase in 
length, so that in many cases they nearly 


encircle the entire test. The fact that the 
test is biserial excludes it from Renulina and 
necessitates the erection of the new genus, 
Cassidulinella. 

Cassidulinella renulinaformis Natland, 
n. sp. has been found in almost all the Upper 
Miocene sections studied in the coastal re- 
gion of Southern California. As yet it has 
not been found by the writer in the Upper 
Miocene of the San Joaquin Valley. How- 
ever, additional study of the part of the sec- 
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Fic. 2.—Chart showing relative stratigraphic position of occurrences of Cassidulinella plio- 
cenica Natland and Casstdulinella renulinaformis Natland. 


tion that should contain this species may 
reveal its presence in that area. 

Figure 1 shows the location of the known 
occurrences of Cassidulinella renulin formis 
and Cassidulinella pliocenica, n. sp. The 
stratigraphic thickness of the C. renulina- 


formis zone is indicated where known. C. 
pliocenica has been found only at two locali- 
ties and in different parts of the Upper 
Pliocene section in both areas. At both 
localities this species was preserved only in 
the form of pyrite casts. C. renulinaformis 
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is usually too badly crushed to wash out. 
However, on surfaces of cores and of outcrop 
samples the crushed patterns are so distinc- 
tive in most cases that it is not difficult to 
recognize the species. A typical pattern on 
a core is shown on plate 69, figure 7. 

The approximate stratigraphic positions 
of the two new species described here are 
shown on figure 2. In the Ventura Basin, C. 
pliocenica was found in an outcrop section 
in Madranio Canyon, near Rincon Point. 
This section was collected from beds of 
Middle Pico age by Mason Hill. In the Los 
Angeles Basin, C. pliocenica was found in 
the Shell Oil Company Bastanchury no. 1 
well in beds near the base of the Lower Pico 
at a depth of 4629 feet. This is the only oc- 
currence of this species known to the writer 
in the Los Angeles Basin. 

The top of the C. renulinaformis zone 
occurs below the top of Kleinpell’s (1938, 
p. 127) Mohnian stage, which is probably of 
Upper Miocene age. The base of the C. 
renulinaformis usually terminates near the 
top of the Bulimina uvigerinaformis zone. 
However, the interval between these two 
zones varies considerably, and in some areas 
C. renulinaformis is found extending down 
into the Bulimina uvigerinaformis zone. 

The writer acknowledges the assistance 
of Dr. Joseph A. Cushman, who checked 
the validity of the new names listed here. 
He is also indebted to Mr. W. Thomas 
Rothwell of the Richfield Oil Corporation 
for assistance in studying the Miocene sec- 
tions. The author wishes to thank Dr. H. W. 
Hoots of the Richfield Oil Corporation for 
permission to publish these data. 

The accompanying figures are photo- 
graphs of the type specimens. The type 
specimens are deposited in the U. S. Na- 


tional Museum collection at Washington, 
D. C. A duplicate set is deposited at the 
Cushman Laboratory for Foraminiferal 
Research at Sharon, Mass. 


DESCRIPTION OF SPECIES 


Family CASSIDULINIDAE 
Subfamily CAssIDULININAE 
Genus CASSIDULINELLA Natland, n. gen. 


Genotype, Cassidulinella pliocenica 
Natland, n. sp. 


CASSIDULINELLA PLIOCENICA Natland, 
n. sp. 


Plate 69, figures 5, 6a—c 


Test flat with parallel sides, nearly oval 
in side view; chambers coiled, biserial, 
Cassidulina-like; later ones rapidly increas- 
ing in length, so that they extend more than 
half-way around the test; walls thin, finely 
perforate; sutures distinct, depressed; aper- 
ture extending full length near the periph- 
ery between the last two chambers. 
Length, 0.73 mm.; breadth, 0.64 mm.; 
thickness, 0.20 mm. 

Types (U. S. Nat. Mus. 546447). From 
Shell Oil Company Bastanchury no. 1 well, 
near northwest corner of Section 28, T. 3 S.. 
R. 10 W., Corona quadrangle. This species 
was found to be abundant at a depth of 
4629 feet in beds belonging to the Lower 
Pico formation of Upper Pliocene age. It 
has also been found in outcrops exposed in 
Madranio Canyon, near Rincon Point, Calif. 
The location is more accurately described 
as follows: 1200 feet E. and 40 feet N. of 
the southwest corner of Section 9, T. 3 N., 
R. 24 W., S.B.B.M. These outcrops occur 
in the Middle Pico formation of Upper 
Pliocene age. 


EXPLANATION OF PLATE 69 


Fics. 1-4, 7—Cassidulinella renulinaformis Natland, n. sp. U. S. Nat. Mus. 546,548. (p. 571) 
1, Holotype, X46. a, side view; b, apertural view; c, opposite side. From a well in the 


Orcutt area. 


2, Paratype, X50. Side view; section showing chamber arrangement. 

3, Paratype, X35. Side view; section showing chamber arrangement. 

4, Holotype, X46. Side view, crushed form. From El Capitan Point. 

7, Paratype, X27. Typical impression in core material from Los Angeles Basin, California; 
specimen from General Petroleum Corporation Terminal no. 1 well; depth, 5000’; Wil- 


mington Oil Field, California. 


5, 6—Cassidulinella pliocenica Natland, n. sp. U. S. Nat. Mus. Coll. no. 546,447. (p. 570) 


5, Side view, young stage, X53. 


6, Holotype, X48. a, Side view; b, apertural view; c, opposite side. 
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CASSIDULINELLA RENULINAFORMIS 
Natland, n. sp. 
Plate 69, figures la—c, 2-4, 7 

Test flat with nearly parallel sides; nearly 
oval in side view; chambers biserial, coiled, 
Cassidulina-like; later chambers rapidly in- 
creasing in length until they completely 
surround the entire test; walls calcareous, 
smooth, finely perforate; sutures distinct, 
slightly depressed; aperture narrow, open- 
ing extending full length near the periphery 
between the last two chambers. Length 
1.17 mm.; breadth, 0.94 mm.; thickness, 
0.18 mm. 

Holotype (U. S. Nat. Mus. 546448). 
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From a depth of 2165’ in the Union Oil 
Company's Newlove no. 51, located in 
Section 25, T. 9 N., R. 34 W., in the Orcutt 
field, Santa Barbara County, California. 
Impressions of this species are abundant in 
core surfaces taken from this well. In addi- 
tion to these impressions a few calcite- 
filled specimens were recovered intact; these 
furnished the author with the first details of 
the structure of the genus. 
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EARLY GROWTH STAGES OF CARBONIFEROUS 
MICROCRINOIDS AND BLASTOIDS 
RAYMOND C. MOORE 


University of Kansas, Lawrence, Kansas 


ABSTRACT—Immature microcrinoids representing several Carboniferous species 
begin as armless calices and gradually develop arms on the different radials. The 
order of a of the arms is generally constant. A remarkable series of 


growth stages o 


a new species of Allocatillocrinus, from lower Pennsylvanian rocks 


of Oklahoma, similarly shows the nature of arm development and indicates that 
this genus is derived from Allagecrinus. Comparison of the immature crinoids is 
made with larval blastoids described by Croneis and Geis, and orientation of the 
calices of the very young blastoids is discussed. 


INTRODUCTION 


Ms importance is rightly attached to 
ontogenetic studies in paleontology. 
Determination of growth stages of fossil 
organisms helps to safeguard against errors 
such as the setting up of invalid species 
based on immature individuals, and it pro- 
motes sound taxonomy by contributing evi- 
dence for proper definition of genera, fami- 
lies, and larger classificatory divisions. Far 
too little attention is given by most workers 
on invertebrate fossils to this type of study. 
The small number of classes and orders of 
invertebrates that have provided the ma- 
terials for published investigations is also 
noteworthy. 

Studies of the growth stages of fossil 
echinoderms are among the less common 
and more difficult of ontogenetic researches. 
This is due, in the first place, to the manner 
in which skeletal elements of the young 
crinoid, cystoid, or other echinoderm class 
is introduced and the way in which it is 
expanded in various directions, mostly 
without leaving trace of the mode of intro- 
duction or steps in the expansion. Accord- 
ingly, it is necessary to find different indi- 


viduals that severally represent the succes- 
sive stages of development, and all of these 


growth stages must be recognizable as be- 
longing properly to the species under in- 
vestigation. A second difficulty springs from 
the first, namely, that fossils representing 
a reasonably complete growth series for 


most species of echinoderms are hard to 


obtain. Fragmentary remains of echino- 


derms are extremely common in many: 


strata, but complete specimens, either ma- 
ture or immature, are scarce. The few 
localities that have yielded considerable 
numbers of crinoids have gained fame be- 
cause they are exceptions to so general a 
rule. Yet the collections from such places 
as Burlington, Ia., and Crawfordsville, 
Ind., have supplied surprisingly little ma- 
terial that has been used in ontogenetic 
studies. Blastoids occur in great numbers 
in some Mississippian beds, and complete 
specimens of echinoids are abundant in 
some Mesozoic and younger deposits, but 
very few attempts have been made to deter- 
mine the developmental stages of these 
echinoderms leading up to adult forms. A 
third point is the structural complexity of 
many echinoderms, and the fact that im- 
portant parts may be lacking in the obtain- 
able fossil remains. The dorsal cup of a 
crinoid is only a small part of the entire 
organism, but it is rarely that dorsal cups 
representing a series of growth stages can 
be found. The ontogeny of crinoid species, 
and of most other echinoderms, must be 
determined, if at all, on fragmentary ma- 
terial. 

Scope of this paper—The foregoing re- 
marks provide explanation, if such is 
needed, for publication of somewhat incom- 
plete and disconnected observations on 
growth stages of fossil echinoderms. Atten- 
tion is directed in this paper to (1) the de- 
velopment of arms on the cups of some 
Carboniferous microcrinoids, (2) interpre- 
tation of the taxonomic significance of a 
remarkable growth series of a species of 
Allocatillocrinus, (3) comparison between 
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some of the microcrinoids and larval blas- 
toids, and (4) orientation of the larval blas- 
toids described recently by Croneis and 
Geis (1940). 


DEVELOPMENT OF ARMS OF 
MICROCRINOIDS 


Growth stages of Allagecrinus.—The genus 
Allagecrinus was established by Carpenter 
and Etheridge (1881) on the basis of three 
somewhat asymmetrical dorsal cups meas- 
uring about 3 mm. in height and width, and 
a dozen or more very small symmetrical 
calices, about 1 mm. in height and 0.7 mm. 
in width. All the specimens obtained from 
Lower Carboniferous beds in Scotland were 
regarded as belonging to a single species, 
A. austinii, which was designated as the 
type of the new genus. The large cups 
seemed to represent adults and the small 
ones immature specimens. Wanner (1929, 
p. 11) and Wright (1932, p. 342) concluded 
that the immature specimens, as _ inter- 
preted by Carpenter and Etheridge, are 
really adults belonging to species of Allage- 
crinus distinct from A. austinit. J. M. Weller 
(1930, p. 8) agreed that the microscopic 
Scottish crinoids were specifically distinct 
from A. austinii, but he concluded also that 
they belonged to a new genus that he pro- 
posed, called Callimorphocrinus. Weller’s in- 
terpretation was accepted by Wright in 
1933 (p. 206), and the genus Callimorpho- 
crinus has come to be recognized generally 
(Peck, 1936; Bassler, 1938; Wright, 1939; 
Moore and Plummer, 1940; Moore, 1940). 
This leaves open the question whether im- 
mature examples of Allagecrinus may occur 
in the Scottish beds containing Callimorpho- 
crinus associated with adult specimens of 
Allagecrinus, and whether growth stages of 
Allagecrinus may be found in other places. 

Work by Wright (1932, 1933, 1939) has 
resulted in the finding of about 80 specimens 
of Allagecrinus austinii, two dozen or more 
cups that are assigned to species called A. 
garpelensis and A. biplex, and about 1000 
minute calices that are classed as belonging 
to Callimorphocrinus. Immature growth 
stages leading up to A. austinii, and be- 


longing in part to the other species of Alla- 


gecrinus mentioned, are distinguished 
mainly from the specimens of Callimorpho- 
crinus by means of the differentiation of the 


right posterior radial (rpR) in the young 
Allagecrinus and lack of such differentiation 
in Callimorphocrinus. Six minute calices, 
the smallest about 0.7 mm. in height, are 
regarded by Wright (1932, p. 345) as rep- 
resenting a very early stage of A. austinii 
that is characterized by absence of arm 
facets on all radials; the calices are similar 
in shape and surface markings to A. aus- 
tinit and are unlike associated armless 
young Callimorphocrinus individuals, which 
differ in shape and in smaller size (0.4 to 
0.5 mm. height). Two specimens having 
three facets are described, but the radials 
bearing them are not identified. Slightly 
more advanced growth stages show three 
arm facets (on the rpR, laR, and raR). 
Specimens that carry four facets indicate 
that the IpR develops an arm next, and 
finally in the five-armed stage the aR be- 
comes a facet-bearing radial. Maturity can- 
not be regarded as attained in Allagecrinus 
at the stage where five facets make appear- 
ance, for a characteristic feature of the 
genus, as illustrated by the genotype spe- 
cies, is the presence of axillary radials. A 
list by Wright (1933, p. 202) of 79 specimens 
of A. austinit that bear five or more facets 
shows the following distribution: five facets, 
nine specimens; six facets, five specimens; 
seven facets, 24 specimens; eight facets, 26 
specimens; nine facets, 13 specimens; 10 
facets, two specimens. This indicates that 
mature status is attained at the seven-arm 
stage, and that two or even three additional 
arms may develop subsequently. Weller’s 
(1930, p. 13) genus Hybochilocrinus corre- 
sponds to Allagecrinus in asymmetry of 
form and in having an anal plate attached 
to the left shoulder of the rpR, but it is less 
advanced in that mature calices bear only 
five arms. The five-armed immature stage 
of Allagecrinus may thus be construed as 
representing the Hybochilocrinus stage. The 
oldest known examples of Allagecrinus, as 
this genus is now interpreted, come from 
the upper part of the Lower Carboniferous 
series, whereas Hybochilocrinus is found in 
lower Mississippian (Chouteau limestone 
and Louisiana limestone) rocks of Missouri. 
Branson (1938, p. 5) regards the Louisiana 
limestone as Upper Devonian. 

Growth stages are shown of Allagecrinus 
pecki, n. sp., Moore, 1940 described else- 
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where, that occurs in topmost beds of the versity of Missouri contains individuals 
Cherokee shale in central Missouri, near that range in longest dimension from about 
Columbia. A lot of 13 specimens that was 1 mm. to 3.5 mm. That the specimens be- 
collected by Raymond E. Peck of the Uni- long toa single species is indicated by grada- 


Fic. 1.—Growth stages of Allagecrinus pecki, n. sp., from the uppermost Cherokee 
shale in Boone County, central Missouri, showing the changes in outline of the 
calyx and in number of arm facets. a, b, A very immature individual, which has 
only one arm facet, located on the rpR; views from the ventral and rp-ra inter- 
radius sides. c, d, A specimen having a well-formed facet on the rpR and an in- 
cipient one on the laR; ventral and IpR views. e, f, A slightly larger calyx having : 
two well-developed facets; ventral and posterior views. g, h, A calyx that has 
passed the three-arm stage and shows an incipient facet on a fourth radial, IpR; 
ventral and posterior views. 7, j7, Specimen showing the typical four-arm de- 
velopment; ventral and posterior views. k, 1, A facet has appeared on the aR in 
this specimen, making the five-arm stage; ventral and posterior view. m, n, A fully 
grown dorsal cup, showing multifaceted radials (IpR, aR, raR); ventral and pos- 
terior views. 
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tion of characters between the two ex- 
tremes, no abrupt change being seen at any 
point. The smallest calyx (fig. 1a, b) bears 
a well developed facet on the rpR; a slightly 
larger one (fig. le, f) has two facets that 
are located respectively on the rpR and 
laR; a still larger example (fig. 1g, h) 
shows three well-formed facets, on the rpR, 
laR, and raR, and an incipient fourth facet, 
on the IpR; in another specimen (fig. 1i, j) 
four facets are clearly defined and it is evi- 
dent that all radials except the aR are arm- 
bearing; a later stage is represented by indi- 
viduals (fig. 1k, 1) that have five distinct 
facets. The largest specimens have multi- 
faceted radials in two or more of the rays. 
The dorsal cup illustrated (fig. 1m, n) carries 
two facets on the IpR, one facet and an 
incipient additional facet on the aR, and 
two facets on the raR; the other radials each 
bear a single facet. Another specimen shows 
the same distribution of facets except that 
two clearly defined facets appear on the aR. 
The oral circlet, which is retained during 
the immature stages, is not observed in 
mature specimens. This seemingly means 
that the union between the orals and radials 
became weakened as the cup approached 
maximum size so that the orals, like the 
arms, became detached before the burial of 
the cup in the Cherokee sediments. 

Hybochilocrinus and Callimorphocrinus.— 
Both Hybochilocrinus and Callimorphocrinus 
have five arm facets at maturity, although 
Wright (1939, p. 52) notes that exception- 
ally there are specimens of C. elongatus 
having as many as eight arm facets. The 
occurrence of more than five facets is clearly 
a departure from the norm for these genera, 
indicating an evolutionary trend of the sort 
that seems to have produced Allagecrinus 
out of Hybochilocrinus or an ancestor very 
similar to this genus. 

Growth stages of Hybochilocrinus have 
been recorded only by Peck (1935, 1936). 
He describes earliest observed forms of H. 
americanus (Rowley), a species that occurs 
abundantly in the Louisiana limestone, as 
nearly symmetrical armless calices about 
0.5 mm. in height; the laR is distinguishable 
in these very young specimens by reason of 
its slightly smaller width. As size increases, 
facets are seen to appear on some of the 
radials, first on the rpR and laR, nearly 


simultaneously, and then on the raR and 
IpR. Maturity is reached when all five of the 
radials become arm-bearing, the height of 
full-grown individuals ranging from about 
1 to 1.3 mm. The same steps are observed 
(Peck, 1936, p. 284) in the development of 
H. rowleyi (Peck), which occurs in the 
Chouteau limestone. Youngest specimens 
are armless and nearly symmetrical. Facets 
make appearance in the order reported for 
H. americanus and the cup becomes in- 
creasingly asymmetrical as the IpR and 
rpR grow wider than the other radials. 
Immature specimens of Callimorphocrinus 
have been studied extensively by Wright 
(1932), who finds that the Scottish species, 
C. scoticus (Wright) and C. elongatus 
(Wright), begin as very small armless 
calices and pass through successive stages 
having one to five facets at the summits of 
the radials. The order of appearance of the 
facets seems to follow no definite rule, how- 
ever. This is strange in view of evidence 
from the study of other species, and because 
the method of Wright’s determination of the 
orientation of his specimens is not given, 
question remains as to the correctness of 
his observations. Seemingly the most con- 
stant and reliable basis for determining 
orientation of microcrinoids is found in 
characters of the oral circlet, as pointed out 
by Kirk (1937, p. 111). The posterior oral 
is almost invariably a little wider than the 
others, different from them in shape, and 
identifiable by the nature of its contacts 
with other plates of the circlet; in some 
specimens it bears a tubercle or hydropore. 
Peck (1936, p. 288) has described growth 
stages belonging to two lower Mississippian 
species of Callimorphocrinus, C. pristinus 
Peck and C. puteatus Peck, both occurring 
in the Fern Glen limestone of Missouri. 
Very early stages are armless. Facets appear 
first on the rpR and laR, later on the raR 
and IpR, and last of all on the aR. The form 
of the calyx remains symmetrical, and no 
anal series is developed in this genus. 
Weller (1930, p. 22) notes a single case 
of a Pennsylvanian specimen of Callimorpho- 
crinus having less than five arm facets. 
This is the holotype of C. infacetus Weller, 
from beds of Des Moines age in Indiana, 
and it is indicated by the specific name, as 
well as by Weller’s discussion, that the 
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absence of an arm facet on one of the radials 
may be a character of taxonomic value. 
Clearly it is not. The type of C. infacetus 
is an immature specimen that lacks a facet 
on the aR. 

A few specimens of Callimorphocrinus 
from Pennsylvanian rocks of Missouri and 
Kansas, that I have had opportunity to 
study, include immature calices, but con- 
nected series of growth stages are not avail- 
able. None of the observed immature calices 
fails to fit somewhere in the facetal sequence 
1-rpR, 2-laR, 3-raR, 4-lpR, 5-aR. 

The observations on the order of appear- 
ance of the arms in immature microcrinoids 
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plates, which are much larger than the 
others, each bear four to 18 arms, and as 
judged by the narrow width of the facets, 
the arms attached to these plates are far 
more delicate and slender than the robust 
arms borne by the two small radials. The 
genotype of Allocatillocrinus is Allagecrinus 
carpentert WWachsmuth (1882) from Chester 
beds of Illinois, Indiana, and Alabama. 
Other described species include A. scoticus 
(Wright, 1933) and A. morrowensis (Strim- 
ple, 1940). Specimens belonging to the 
genus are rare, about 20 individuals belong- 
ing to the genotype species and two each 
for the other two species being recorded. 


ORDER OF DEVELOPMENT OF FACETS ON RADIAL PLATES OF MICROCRINOIDS 


Species First Second Third Fourth Fifth 
Allagecrinus pecki,n. sp. rpR laR raR IpR aR 
Allagecrinus austinii® rpR laR raR IpR aR 
Hybochilocrinus americanus® rpR laR raR IpR aR 
Trophocrinus cor pulentus* rpR laR 
Callimor phocrinus pristinus® rpR raR aR 
Callimor phocrinus puteatus* rpR laR IpR aR 
Callimor phocrinus scoticus® Variable 
Callimor phocrinus elongatus® Variable 


1 Wright (1933, p. 203). 
2 Peck (1935, p. 768). 
3 Peck (1936, p. 285). 
* Peck (1936, p. 287). 
5 Peck (1936, p. 287). 
6 Wright (1932, p. 357). 


is summarized in the following table, in 
which the bracketed groups of radials show 
virtually simultaneous appearance of arm 
facets or follow an unknown order among 
themselves. The arrangement of the radials 
within the bracketed groups, as given in the 
table, is arbitrary. 


ONTOGENY OF A SPECIES OF 
ALLOCATILLOCRINUS 


The genus Allocatillocrinus was intro- 
duced by Wanner (1937, p. 111) to include 
somewhat strongly asymmetrical dorsal 
cups having three multifaceted radials and 
two single-faceted radials. The multifaceted 


Special interest is attached, therefore, to 
the discovery of more than 30 specimens 
that show essentially complete growth series 
from early immature forms to fully devel- 
oped adults. The specimens (A. rotundus, 
n. sp.) occur in beds of Morrow age in north- 
eastern Oklahoma, coming from two local- 
ities, but most of them from a single small 
outcrop of calcareous shale about 2 feet 
thick (Moore, 1940). 

Attention is directed here to the steady 
increase in the number of arm facets of the 
three large radials as growth proceeds. The 
small immature cups are strongly lobate in 
outline and are ornamented by tubercles; 
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Fic. 2.—A series of poe stages belonging to Allocatiilo crinus rotundus, n. sp., from 


Morrow beds of northeastern Oklahoma. All of the figures are drawn to the same 
scale, and two views of each specimen are given, a ventral view oriented so that 
the IpR is at the bottom and laR at the left, and a side view in which the IpR 
is toward the observer. a, b, A two-faceted calyx that retains the oral circlet, om 
lieved to belong in this series because of surface characters and other evidence, 
but not certainly determinable as belonging. c, d; e, f; g, h; i, 7, Specimens that 
have all typical characters of Allagecrinus and if found alone would doubtless be 
so identified. k, 1; m, n; 0, p; q, r; s, t; u, v; w, x, Specimens that show increas- 
ingly well marked characters of Allocatillocrinus, the largest three being classifi- 
able as adults. (All figures <5.) 
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intermediate stages are less lobate and less 
decorated; and the late stages retain almost 
no trace of lobation or decoration. These 
developments are illustrated in figure 2. 
Phylogenetic significance seems to attach 
to the observation that some of the early 
growth stages (fig. 2c—i), up to a limiting 
greatest width of about 4 mm., are indis- 
tinguishable from Allagecrinus. Transition 
to Allocatillocrinus is recognized in the con- 
tinued multiplication of arm facets on the 
large radials. After passing the Allagecrinus 
stage, immaturity persists for a time in 
which size is almost doubled, but there is 
no definite indication of the line marking 
attainment of maturity. The maximum ob- 
served width of a cup belonging to this 
species is 11.7 mm. and this large specimen 
has the largest number of arms, which is 
42. 

Three specimens of Hybochilocrinus-like 
or Callimorphocrinus-like appearance that 
are found associated with the dorsal cups 
of Allocatilocrinus described, seem to belong 
in the growth series of this species, for they 
correspond to the smallest multifaceted 
cups in decoration. The form of the three 
specimens, which measures 1.2 to 1.5 mm. 
in width, is more symmetrical and slightly 
more pentagonal than the next larger cups. 
The specimen shown in figure 2a, b bears 
an arm facet on the rpR and another on the 
laR, the other radials being armless. Obvi- 
ously, a considerable gap exists between the 
minute calices having a single arm facet 
on some of the radials and possessing the 
oral circlet, and the smallest multifaceted 
cups. Comparison with the growth stages 
of Allagecrinus indicates probability that 
the same succession holds for Allocatillo- 
crinus. 

The evidence from the ontogeny here 
presented seems clearly to indicate that 
Allocatillocrinus is derived from Allage- 
crinus, or from an ancestor that differs in- 
appreciably from Allagecrinus. Allocatillo- 
crinus is currently classed with Catillocrinus 
and several related genera in the family 
Catillocrinidae, of the suborder Fistulata, 
whereas Allagecrinus is the type genus of 
the family Allagecrinidae, assigned to the 
suborder Larviformia. Present classification 
is indeed faulty if the significance of the 
growth series is what it seems to be. 
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COMPARISON OF GROWTH STAGES OF 
MICROCRINOIDS AND LARVAL 
BLASTOIDS 

The very interesting study of growth 
stages of larval blastoids recently published 
by Croneis and Geis (1940) brings knowl- 
edge in a field that has been a complete 
blank. The paper on blastoids is avowedly 
preliminary in nature, being the first of 
proposed contributions by these authors, 
and partly because of this, rather than in 
spite of it, some features of their study are 
discussed here. The microscopic young 
blastoids come from lower Chester beds of 
southern Illinois, and they are identified as 
representing two species, Mesoblastus glaber 
(Meek and Worthen) and Pentremites 
princetonensis Ulrich. Specimens that are 
less than 0.5 mm. in height are reported to 
outnumber larger forms in the ratio of about 
50 to 1. 

The numerous specimens that are classed 
by Croneis and Geis as belonging to larval 
stages are smaller in average size than the 
youngest recorded microcrinoids assigned 
to genera such as Callimorphocrinus and 
Hybochiiocrinus. Armless calices of the 
microcrinoids mentioned, about 0.5 mm. in 
height, correspond in size to the ‘fourth 
stage’’ of the larval blastoids, which are 
more than twice as large as some of the 
earlier forms. Notice should be taken of the 
fact that the ‘‘fourth stage”’ larval blastoid 
has dimensions of about one-twentieth of 
adult measurements, whereas the most im- 
mature known microcrinoid specimens are 
one-third to one-half as large as adult forms. 
Nevertheless, the form and structure of 
“fourth stage’ or even ‘‘third stage’’ larval 


_blastoids and of the minute armless crinoid 


calices are strikingly similar. In each group, 
the calyx comprises 13 plates that include 
three basals (fused in many of the micro- 
crinoids), five radials, and a prominent cir- 
clet of five orals. Croneis and Geis designate 
the “orals’’ of larval blastoids as distals, 
because these plates seem to disappear dur- 
ing a so-called metamorphosis and, thus, 
these authors do not believe that the ‘‘dis- 
tals’’ are the deltoids or orals (Bather, 
1900, p. 97; Springer, 1913, p. 162) of 
adult blastoids. Proof of the interpretation 
of ‘‘distals’”’ is not adequately presented in 
the preliminary paper by Croneis and Geis, 


{ 
| 


CARBONIFEROUS MICROCRINOIDS AND BLASTOIDS 


and it may be hoped, if not assumed, that 
this will receive more detailed treatment in 
a later publication. 

Special interest attaches to the observa- 
tion that ‘‘semilunar depressions or pits 
with slightly elevated margins’’ (Croneis 
and Geis, 1940, p. 349) occur at the summit 
of some radials on the calices of immature 
blastoids. These facets lie at the base of 
food grooves between the ‘‘distals’’ and are 
interpreted by Croneis and Geis as points 
of arm attachment. This affords further 
ground for comparison of the young blas- 
toids and crinoids. The presence of an arm 
or ‘“‘brachiole’’ rising from the summit of a 
radial plate of the larval blastoid is seem- 
ingly not to be compared with the develop- 
ment of pinnules along the margins of 
ambulacral areas at later growth stages. The 
nature of the indentations of radials as 
described in the very early stages of the 
blastoids suggests the form of arm facets of 
some crinoids and cystoids. Such facets 
appear at the proximal extremities of the 
ambulacra in adult specimens of Stephano- 
crinus (Ordovician and Silurian), which 
Wanner (1924, p. 17) has shown is properly 
classified as a blastoid rather than crinoid. 
The blastoids were derived evidently from 
an echinoderm stock that was already spe- 
cialized in having the basal circlet reduced 
to three plates, for this character is seen in 
the earliest blastoids as well as in the latest, 
and according to inference from characters 
of larval blastoids, the ancestral forms were 
provided with crinoid-like arms. However 
this may be, it is interesting to notice that 
the arm structures of young blastoids do 
not appear simultaneously or nearly so, but 
are found only on certain radials at a given 
stage of growth. This is true also of micro- 
crinoids. Croneis and Geis (1940, p. 354) in- 
dicate that there is a definite order of devel- 
opment of the blastoid arm facets. On one- 
armed calices, a facet is located on the rpR; 
two-armed calices have facets on the rpR 
and laR, and those having three facets show 
that the third one is introduced on the raR. 
Four-armed calices are mentioned, but the 
position of the additional facet is not indi- 
cated. 

The parallelism in order of arm develop- 
ment in the immature blastoids and in at 
least some microcrinoids is surprising. It is 
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a feature that attracted my special atten- 
tion. Examination of the drawings given by 
Croneis and Geis, however, shows that their 
designation of the position of the facet- 
bearing radials, as just reported, is errone- 
ous. Because of incorrect orientation of the 
anteroposterior axis of the calices (not 
questioning the identification of this axis), 
designation of right and left elements is 
interchanged. The right posterior radial 
(rpR) of usage by Croneis and Geis must 
be translated to left posterior radial (IpR), 
laR to raR, IpR to rpR, and raR to laR. 
This change causes the presumed similarity 
in order of arm development among blas- 
toids and microcrinoids to disappear, be- 
cause the corrected statement of the order 
for blastoids is: IpR, raR, laR, and later 
ones not reported. The subject of orienta- 
tion is not disposed of simply by inverted 
‘left’? and “right,’’ however, and it seems 
desirable to discuss some of the questions 
that are encountered. 


ORIENTATION OF IMMATURE 
BLASTOID CALICES 


Identification of dorsal and ventral por- 
tions of the blastoid calyx offers no diffi- 
culty, of course, but determination of an- 
terior and posterior may not always be 
easy. Once these essential directrices are 
ascertained, however, a reasonable and 
natural convention dictates that the calyx 
shall be oriented in a manner that is familiar 
to all students of the echinoderms. This 
orientation and the designation of skeletal 
elements that is dependent on it are so 
universally accepted that one must regard 
the deviation from it by Croneis and Geis 
as unintentional. Such an interpretation 
seems unreasonable, especially when ac- 
count is taken of steps in handling the 
manuscript, leading to publication, but 
more unreasonable is the assumption that 
an intentional change in methods of orient- 
ing and designating parts of the blastoid or 
crinoid calyx was left without specific indi- 
cation and supporting reasons. Figures 3a 
and 3b show in somewhat condensed man- 
ner the orientation of dorsal cups and desig- 
nation of radials as given by Croneis and 
Geis. Figures 3c and 3d make corrections 
but do not alter identification of the antero- 
posterior axis. 
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Fic. 3.—Drawings of the calices of immature blastoids, showing diagrammatically the designation 
of plates according to various methods of orientation. The anterior radial (aR) is shaded in 
each drawing and the position of the posterior interradius, as identified, is marked by «x. a, c, e, 
g, represent Mesoblastus glaber, and the other figures represent Pentremites princetonensis. 
a, b, 1, Orientation of dorsal and ventral views and designation of plates according to Croneis 
and Geis. ¢, d, 7, Same corrected, no change of position of the anteroposterior axis as identified 
by Croneis and Geis. e, f, k, Calyx oriented so that the small basal is located in the right an- 
terior interradius, the normal orientation of blastoids. g, 4, 1, Orientation of calyx based on 
plane of symmetry. 
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The orientation of different parts or 
aspects of an organism, whether blastoid, 
crinoid, or elephant, so that statements of 
relative positions conflict, is neither neces- 
sary nor useful. It is extremely confusing, 
and on all counts, it is strongly to be con- 
demned. The left side of an elephant is left, 
whether viewed from below, from above, or 
from any other direction. Similarly, the 
left ‘‘distals’’ of a larval blastoid are the 
ones on the left side of the calyx, above 
the left radials. They are not adjacent to the 
right anterior and right posterior radials, 
as shown by Croneis and Geis (see fig. 3i). 
In turning from dorsal to oral views, they 
have transposed left and right. Correction 
is shown in figure 3). 

Up to this point, no question has been 
raised as to the identification by Croneis 
and Geis of the anteroposterior axis of 
their very immature blastoids. Possibly it 
is presumptuous to do so without having 
first-hand knowledge of these fossils. Yet, 
careful examination of the preliminary 
paper fails to discover just what actual evi- 
dence for the orientation accepted by 
Croneis and Geis was in their hands. Con- 
cerning the ‘‘second stage’’ that is identified 
as belonging to Mesoblastus glaber they 
state (p. 347) that 


neither mouth nor anus is observable as an en- 
larged portion of the sutures or as a separate pore 
but possibly their positions may be inferred from 
the eccentricities of the suture junctions on the 
oral surface. The mouth is probably located at 
the tip of the smaller right anterior distal (oral 
view), the anus at the tips of the two distals op- 
posite. 


Surely this cannot be accepted as very ex- 
plicit testimony, and if other, better evi- 
dence is found in study of the “third stage”’ 
and ‘‘fourth stage,” this is not mentioned. 
Nor is ‘‘post-larval’’ development much 
more satisfactorily treated. One specimen is 
noted (p. 350) in which 


the position of the anus is indicated by longer and 
steeper lateral slopes on the radials at the pos- 
terior interradius and by a much larger spiracle, 


but there is still question as to correlation of 
parts between this and the younger speci- 
mens described. If any individual plates of 
the so-called larval stages are definitely 
indentifiable in this larger blastoid, this is 
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not stated. The same comments apply to 


a slightly larger specimen, which unfortunately 
has distintegrated 


and which 
provides information on the anal interradius 


(p. 351). The description of specimens that 
are identified as belonging to Pentremites 
princetonensis contains no mention of anal 
structures or other definitive basis for recog- 
nition of the antero-posterior axis. There- 
fore, it seems that the case for the orienta- 
tion adopted by Croneis and Geis is not con- 
vincingly given. 

Presumably the position of the antero- 
posterior axis in immature specimens of the 
blastoids under discussion must be the 
same as in adult examples of these species. 
Croneis and Geis do not refer to this, and 
no mention of the position of the small basal 
in respect to anal structures has been found 
by me in published descriptions of adult 
specimens of Mesoblastus glaber (Meek and 
Worthen, 1869, 1873; Weller, 1920, p. 327) 
and Pentremites princetonensis (Ulrich, 1917; 
Weller, 1920, p. 314). The position of the 
small basal in other examples of these gen- 
era seems uniformly to be in the right an- 
terior interradius, as is stated (Bather, 
1900, p. 81; Springer, 1913, p. 161) to be 
invariably the rule among blastoids. I have 
made no effort to check this exhaustively, 
but inspection of numerous specimens of 
Pentremites and some other blastoids that 
are at hand and examination of published 
works do not show exceptions. Although 
Croneis and Geis (1940, p. 345) expressly 
state that theoretical discussions are re- 
served for a later paper, the question of 
orientation cannot be omitted from descrip- 
tive treatment, and it is disappointing, 
therefore, to read merely that the small 
basal in Mesoblastus glaber ‘‘apparently lies 
in the position of the right posterior inter- 
ray (as viewed from below)”’ (see fig. 3a), 
which with correction for faulty orientation 
means the left posterior interray (fig. 3c). 
In Pentremites princetonensis, the small 
basal is reported (p. 352) to occupy ‘‘the 
left anterior interray (basal view)’’ (see 
fig. 3b), which may be corrected to read 
right anterior interray (fig. 3d). Thus, the 
latter species seems to be normal and the 
former to be abnormal, according to identifi- 
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cations of the anteroposterior axis in the 
two species that are given. It is necessary 
to point out that the calices are consistently 
oriented as regards characters of the radial 
and ‘‘distal’’ circlets, and that a difference 
seems unquestionably to appear in the dis- 
position of plates of the basal circlet in the 
two species. Drawings showing distribution 
of plates on the basis of ‘‘normal’”’ orienta- 
tion of the anteroposterior axis, so as to 
place the small basal in the right anterior 
interradius, are given in figures 3e, 3f, and 
3k. 

Finally, it seems worthwhile to direct at- 
tention to another orientation that is based 
on symmetry of the radial and ‘‘distal’’ 
circlets. This is shown diagrammatically 
in figures 3g, 3h, and 31. In adult blastoids 
and in many crinoids the plane of bilateral 
symmetry (except as concerns the basals) 
coincides with position of the anteropos- 
terior axis. The appearance of the ‘“‘distal’’ 
circlet of the young blastoids is closely simi- 
lar to that of the oral circlet of Allagecrinus, 
Callimorphocrinus, and other microcrinoids, 
if the calyx of the blastoid is oriented on the 
hypothesis that the plane of symmetry 
coincides with the anteroposterior axis 
(see figs. 1 and 31). It is evident, however, 
that orientation in this manner brings the 
small basal into anomalous positions, in the 
interray between the right anterior and 
right posterior rays in the case of Mesoblas- 
tus glaber (fig. 3g), and in the interray be- 
tween the left anterior and left posterior 
rays in the case of Pentremites princetonensis 
(fig. 3h). This is not very helpful. Obviously, 
it is the definite identification of characters 
belonging to the anus, or features reliably 
usable for recognition of the posterior inter- 
radius that must show the correct orienta- 
tion. Further reports on the studies by 
Croneis and Geis are awaited with great 
interest. 
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EARLY GROWTH STAGES OF CARBONIFEROUS MICROCRINOIDS 
AND BLASTOIDS—A DISCUSSION 


CAREY CRONEIS, University of Chicago, Chicago, Illinois 


Professor Moore’s comments on Croneis 
and Geis’ paper ‘‘Ontogeny of the Blas- 
toidea”’ in large part anticipate discussion of 
points reserved for treatment in the second 
paper of the series, specifically promised in 
“Microscopic Pelmatozoa: Part Ac- 


cordingly, detailed analyses of his various 
criticisms will be found in ‘Microscopic 
Pelmatozoa: Part II, Orientation of the 
Blastoidea” which will appear in an early 
issue of this Journal. 
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MISELLINA AND BREVAXINA, NEW PERMIAN 
FUSULINID FORAMINIFERA 


HUBERT G. SCHENCK and M. L. THOMPSON 
Stanford University, California, and New Mexico School of Mines, Socorro, New Mexico 


AsstrRAcTt—Doliolina Schellwien, 1902 (a foraminifer), is preoccupied by Doliolina 
Borgert, 1894 (a tunicate). Because of complications in the interpretation of the 


foraminiferal genus as originally pro 


d and subsequently interpreted, a new 


genus (Misellina: type Doliolina ovalis Deprat) is here suggested rather than a 
simple renaming of the homonym. Brevaxina (type: Doliolina compressa Deprat) is 
proposed as a new subgenus of Misellina. A synopsis of the subfamily Verbeekininae 
(family Fusulinidae) summarizes the arrangement of these Permian fusulinid 


Foraminifera. 


OLIOLINA Schellwein, 1902, refers to a 

fusulinid foraminiferal genus. This 
name is preoccupied by Doliolina Borgert, 
1894, a tunicate. Since it is generally recog- 
nized by specialists that ‘‘Schwagerina”’ 
lepida, the genotype of Doliolina Schellwien, 
either is an end member of the biological 
category at present going under the generic 
name Doliolina or is congeneric with the 
type species of Pseudodoliolina Yabe and 
Hanzawa, we are allowing Doliolina Schell- 
wien to remain stillborn and are here select- 
ing a more representative species to serve as 
the type of the category left without a name 
because of the homonym. Therefore, we are 
proposing the name Misellina as a new 
genus, with Doliolina ovalis Deprat (1915, 
pp. 15-16, pl. 3, figs. 1-4, text fig. 8) as the 
genotype. We are also introducing Brevaxi- 
na as a new subgenus of Misellina with 
Doliolina compressa Deprat (1915, pp. 14- 
15, pl. 3, figs. 10-14, text fig. 7) as the type 
of the subgenus. Both of these species are 
from the Permian of Cam-mon, French 
Indo-China. 


THE FORAMINIFER DOLIOLINA 


-Ernst Schellwien in 1898 (p. 238) proposed 
the name Méllerina, typified by Schwagerina 
lepida Schwager, 1883, for a subgenus of 
Fusulina. He overlooked the fact that E. O. 
Ulrich, in 1886 (pp. 34-35), used the name 
Moellerina for a genus of ‘‘Foraminifera”’ 
from the Devonian of Indiana—genotype 
by monotypy, M. greeni Ulrich, 1886. (It 
has been suggested by some specialists of 
the trochiliscids that M. greeni may be a 
chara; see Peck, 1934, p. 86.) In 1902, 


Schellwien (p. 67, footnote 2) introduced 
the name Doliolina for the late Paleozoic 
fusulinid foraminifer, and at that time he 
apparently considered it as having the rank 
of a genus. 


THE TUNICATE DOLIOLINA 


Borgert in 1894 (p. 14) proposed the name 

Doliolina as a subgenus of Doliolum. Men- 
tion of the nomenclature of Doliolum, with 
reference to Doliolina, is given in Opinion 76 
of the International Commission on Zoo- 
logical Nomenclature (1922, pp. 64-66). 
The type of the subgenus is here designated 
as Doliolum krohni Herdman, 1888. The 
International Rules of Zoological Nomen- 
clature, Article 6, require that a subgenus is 
to be treated as a genus for the purpose of 
nomenclature— 
...from a nomenclatural standpoint they are 
coordinate, that is, they are of the same value. 
Hence, the subgeneric name Doliolina Bor- 
gert, 1894, has priority over the generic 
name Doliolina Schellwien, 1902. 


RELATIONSHIPS OF THE FORAMINIFER 


That Doliolina Schellwien is a homonym 
and should be renamed is thus an inesca- 
pable conclusion, considered only from a 
nomenclature angle. A biological problem, 
however, complicates the case. This prob- 
lem is the relationship of ‘‘Doliolina’’ to 
Pseudodoliolina. The latter genus was 
named by Yabe and Hanzawa in 1932 (pp. 
40-43), with Pseudodoliolina ozawai Yabe 
and Hanzawa as the genotype. Pseudodolio- 
lina was erected on the assumption that the 
spirotheca of its genotype consists of a thick 
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tectum and no keriotchea. Thompson and 
Foster (1937, pp. 138-140) proved that this 
is erroneous, for after the tenth volution the 
spirotheca of P. ozawai has a structure like 
that of ‘‘Doliolina” lepida. Since the funda- 
mental reason for establishing Pseudodolio- 
lina is untenable, this genus would appear 
to be a synonym of Doliolina Schellwien. 
But as Doliolina is a homonyn, it follows 
that Pseudodoliolina may be employed, 
other factors remaining equal. By such log- 
ic, the species from the Permian limestone 
on the Yangtze River in the Province of 
Hupeh first described as Schwagerina lepida, 
next called Méllerina lepida and later re- 
ferred to as Doliolina lepida, would now be 
cited as Pseudodoliolina lepida (Schwager). 
The original specimens of the type species 
of Doliolina, the foraminifer, would thus be- 
come, through the fortunes of taxonomy, 
the ‘‘false dolioline.”’ 

Still another factor enters into the prob- 
lem. Gubler (1935, pp. 68-71) suppressed 
Pseudodoliolina Yabe and Hanzawa as a 
synonym of Doliolina Schellwien, based on 
the belief that P. ozawai is the megalo- 
spheric form of Schwagerina lepida Schwa- 
ger, Schwager’s types being the microspher- 
ic form of the same species. Thompson and 
Foster (1937) admitted that the juvenarium 
of “‘Doliolina’’ is endothyroid, in contrast 
to the large proloculum of P. ozawai. This 
feature, supplemented by certain other mor- 
phological differences, influenced them to 
recognize tentatively Pseudodoliolina and 
Doliolina as valid genera. We have reviewed 
the evidence critically and have reached the 
following conclusions: 

(1) The holotype of Pseudodoliolina oza- 
wai is specifically distinct from the type 
specimens of Schwagerina lepida, and there- 
fore Gubler was incorrect in supposing that 
they were synonymous because of dimor- 
phism. Representatives of these two species 
can be distinguished by the following differ- 
ences: Schwager’s types of S. lepida are 
much larger than the holotype of P. ozawat 
or any topotype specimens of P. ozawai 
which we have from Akasaka. Schwager’s 
largest illustrated axial section measures 
6.56 mm. in length and 3.59 mm. in width, 
giving a form ratio of about 1:1.8. The 
holotype of P. ozawai measures about 4.2 
mm. in length and 1.9 mm. in width, giv- 


ing a form ratio of about 1:2.2. Also, the 
average size of mature specimens of P. oza- 
wat in our collections from Akasaka measure 
about 4.9 mm. in length and 2.0 mm. in 
width. The form-ratios of eight specimens 
are 1:2.2 to 1:2.8. The spirotheca of P. 
ozawai is much thinner than the spirotheca 
of S. lepida. In the earlier volutions of S. 
lepida the three layers of the spirotheca are 
distinct, whereas, in P. ozawai these layers 
can be distinguished only in the outer two 
or three volutions of mature specimens. 
Gubler (1935, p. 97) states that the spiro- 
theca of one of Schwager’s types of 16 volu- 
tions measures 30 to 35 microns in the tenth 
volution, which is greater than the thickness 
of the spirotheca in any portion of speci- 
mens of P. ozawat. The juvenarium of S. 
lepida is endothyroid, and the proloculum is 
small. In P. ozawai the juvenarium is some- 
what fusiform, and the proloculum is large. 
S. lepida is inflated in the midportion of the 
shell at maturity, and P. ozawaz is essentially 
cylindrical in the midportion of the shell at 
maturity. The parachomata of S. lepida are 
broader and lower than the parachomata 
of P. ozawai. . 

(2) We are referring Schwagerina lepida 
with question to the genus Pseudodoliolina, 
realizing that it may be considered by some 
more closely related to the genotype of 
Misellina, new genus. The original types of 
S. lepida have endothyroid juvenaria and 
small prolocula in contrast to those of P. 
ozawat, the genotype of Pseudodoliolina, 
and their parachomata are lower and 
broader than the parachomata of P. ozawai. 
However, their spirotheca are more nearly 
comparable in thickness to the spirotheca of 
P. ozawai than to the spirotheca of D. ovalis, 
the genotype of the new genus Misellina. 

Whatever others may decide concerning 
the relationship between ‘‘Doliolina”’ lepida 
and Pseudodoliolina ozawat, specialists will 
agree that Jepida does not occupy a central 
position in the morphological distribution 
curve of the biological unit known as “‘Dolio- 
lina.”’ That is to say, lepida is not a typical 
representative of what is usually interpreted 
to be “Doliolina.” 

A more representative species is Doliolina 
ovalis Deprat (1915, p. 15). This species, 
whose figured axial section measures 2.7 
mm. in length, exhibits the shell characters 
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commonly associated with the name ‘‘Dolio- 
lina.” We are therefore taking this species 
as the genotype of a new genus: Misellina 
Schenck and Thompson. 

Moreover, the fossil described and illus- 
trated by Deprat as Doliolina compressa 
warrants recognition as the type of a new 
subgenus of Misellina, which we are propos- 
ing to call Brevaxina Schenck and Thomp- 
son. This species is based upon a specimen 
2 mm. in height. The form ratio of the fig- 
ured axial section of Doliolina ovalis is about 
1:1.69, whereas the form ratio of Doliolina 
compressa is about 1:0.58. In the subfamily 
Fusulininae, for comparison, representatives 
of Fusulinella Miller and Staffella Ozawa 
have identical spirothecal structures, and 
their septal flutingand otherinternal features 
are essentially the same. Indeed, the generic 
distinction between Fusulinella and Staffella 
is based mainly upon a form ratio difference 
of no greater magnitude than that just 
stated. We conclude that we are justified in 
establishing this new subgenus with Dolio- 
lina compressa Deprat as the type of the 
subgenus. 


SYNOPSIS OF THE SUBFAMILY 
VERBEEKININAE 


Although Dunbar and Henbest (1930, 
p. 363) employed the subfamily name Dolio- 
lininae in lieu of Verbeekininae, as did Gub- 
ler in 1935, Thompson (1936, pp. 193-201) 
presented ample evidence for retaining Ver- 
beekininae. The subfamily name Verbeek- 
ininae is adopted by Dunbar and Skinner 
(1937, p. 572). In order that our views on 
the arrangement of this subfamily will be 
clear, we present the following synopsis of 
these foraminifers: 


Subfamily VERBEEKININAE Staff 
and Wedekind, 1910 
Verbeekininae StaFF and WEDEKIND, 1910, 
Geol. Inst. Bull., Univ. Upsala, vol. 10, p. 114. 
Shell subspherical to fusiform; axis of 
coiling greater or less than the thickness of 
the shell; planispiral; foramina present in 
all genera but developed only in the outer 
volutions of representatives of earlier gen- 
era; parachomata present in all forms with 
the possible exception of primitive repre- 
sentatives of Eoverbeekina; wall composed 
of a tectum, keriotheca, and a thin inner 


layer; septula absent; tunnel absent in all 
genera except Eoverbeekina; septa unfluted. 
Geological range —Permian. 


Genus EOVERBEEKINA Lee, 1933 


Eoverbeekina LEE, 1933, Nat. Research Inst. 
Geology, Mem., no. 14, p. 18; CHEN, 1934, 
Palaeontologia Sinica, ser. B, vol. 4, fasc. 2, 
P. 103; THOMPSON and Foster, 1937, Jour. 
aleontology, vow. fi, p. 135; Dunpar and 
SKINNER, 1937, Texas Univ. Bull. 3701, p. 573. 


Genotype, Eoverbeekina intermedia Lee, 1933 
(by original designation). 

Shell moderately large, spherical at ma- 
turity, lenticular during early stages of 
growth; planispiral; tunnel present through- 
out the shell, narrow and high in early volu- 
tions but low and slit-like in later volutions; 
foramina absent in early volutions but well 
developed in outer viutions; parachomata 
poorly developed in outermost volutions; 
wall composed of a tectum and a keriotheca; 
septa unfluted. 

Representatives of this genus can be dis- 
tinguished from all other members of this 
subfamily by the lenticular juvenarium, the 
presence of a tunnel, and the absence of 
foramina and parachomata in the earlier 
volutions. 

So far as we can determine, only two spe- 
cies have been described which are referable 
to this genus: E. intermedia Lee, the geno- 
type, and E. cheni Thompson and Foster, 
1936. 


Genus VERBEEKINA Staff, 1909 


Fusulina (part) Brapy, 1875, Geol. Mag., n. s., 
dec. 2, vol. 2, p. 537; GeEIn1Tz, 1876, Palaeon- 
tographica, Bd. 22, p. 399. 

Schwagerina (part) 1879, Imp. Acad. 
Sci. St. Pétersbourg, Mém., sér. 7, t. 27, no. 
5, p. 9; RoEMER, 1880, Lethaea Geognostica 
I, p. 277; Scuwacer, 1883, Richthofen’s 
China, Bd. 4, p. 135; YABE, 1902, Geol. Soc. 
Tokyo, Jour., vol. 9, p. 1; DEPRAT, 1912, Serv- 
ice géol. Indochine lien. vol. 1, fasc. 3, p. 
40; CoLani, 1924, Service géol. Indochine, 
Mém., vol. il, fasc. 1, p. 108. 

Fusulina (Millerina) (part) SCHELLWIEN, 1898, 
Palaeontographica, Bd. 44, p. 258. 

Doliolina (part) SCHELLWIEN, 1002, Physikalisch- 
dkonomische Gesellschaft zu Kénigsberg, 
Schriften, 43, pp. 67-68; DunBAR and HEn- 
BEST, 1930, Am. Jour. Sci., 5th ser., vol. 20, 
p. 363; TAN, 1933, Dienst van den Mijnbouw, 
in Nederl. -Indié, Wetensch. Meddelelser, no. 
25, pp. 57-65. 

Doliolina (Verbeekina) StaFF, 1909, Neues Jahr- 
buch, Beilage-Band, Abt. B, 27, p. 476; 
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Ozawa, 1925, Tokyo Imp. Univ. Jour., Coll. 
Sci. vol. 45, art. 4, p. 25. 

Schwagerina (Verbeekina) Deprat, 1913, Serv- 
ice géol. Indochine, Mém.., vol. 2, fasc. 1, p. 45. 

Verbeekina STAFF and WEDEKIND, 1910, Geol. 
Inst., Bull., Univ. Upsala, vol. 10, p. 114; 
Ozawa, 1925, Tokyo Imp. Univ., Jour. Coll. 
Sci. vol. 45, art. 6, p. 48; DUNBAR and Conpra, 
1927, Nebraska Geol. Survey, ser. 2. Bull. 2, 
p. 67; GALLoway, 1933, A manual of Foram- 
inifera, p. 407; CHEN, 1934, Palaeontologia 
Sinica, ser. B, vol. 4, fasc. 2, p. 101; THompson, 
1936, Jour. Paleontology, vol. 10, pp. 193-201; 
GuBLER, 1935, Soc. géol. France, Mém., n. s., 
tome 11, fasc. 4, mém. 26, pp. 67-68; DUNBAR 
— SKINNER, 1937, Texas Univ. Bull. 3701, p. 


Genotype, Fusulina verbeeki Geinitz, 1876 (by 
original designation). 

Shell large, spherical to subspherical, 
planispiral; juvenarium endothyroid; pro- 
loculum minute; volutions numerous, reach- 
ing 21 in number in mature individuals of 
some species; chambers numerous; septa un- 
fluted; foramina developed throughout the 
shell; parachomata rudimentary in inner 
volutions and well developed in outer volu- 
tions; spirotheca composed of a tectum and 
a keriotheca, with a thin layer on the inner 
side of the spirotheca. 

Representatives of Verbeekina can be dis- 
tinguished from other members of this sub- 
family by their subspherical shape through- 
out the shell, large size, poor development 
of the parachomata in inner volutions, ab- 
sence of a tunnel, and the development of 
the foramina throughout the shell. 

In addition to the genotype, we are re- 
ferring the following forms to the genus 
Verbeekina: 

Verbeekina verbeeki var. volzi Staff, 1909; 
Schwagerina douvilléi Deprat, 1912; Schwa- 
gerina (Verbeekina) pseudoverbeeki Deprat, 
1913; Verbeekina verbeeki var. sphaera Oza- 
wa, 1925; Schwagerina (Verbeekina) deprati 
Yabe, 1924 [Hayasaka]; Verbeekina minor 
Chen, 1934; Verbeekina akasakensis Thomp- 
son, 1936; Verbeekina heimi Thompson and 
Foster, 1936; Verbeekina grabaui Thompson 
and Foster, 1936. 


Genus MISELLINA Schenck and 
Thompson, n. gen. 
Doliolina (part) of authors. 
Genotype, Doliolina ovalis Deprat, 1915. 


Shell small, ellipsoidal to subspherical or 
laterally compressed, axis of coiling greater 
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or less than the thickness of the shell, hav- 
ing form-ratios of 1:0.58 to 1:1.6; volutions 
usually less than eight in number at ma- 
turity, chambers numerous; proloculum 
small; juvenarium endothyroid; spirotheca 
thick, composed of a tectum, a thick kerio- 
theca and a thin inner layer, foramina de- 
veloped throughout the shell; parachomata 
developed throughout the shell; septa un- 
fluted. 

Representatives of Misellina, new genus, 
may be distinguished from other members 
of this subfamily by their small size, thick 
spirotheca, small prolocula, the shape of 
their shells, and their low and broad para- 
chomata. 


Subgenus MISELLINA Schenck 
and Thompson, n. subgen. 


Subgenotype, Doliolina ovalis Deprat, 1915 


Shell small, ellipsoidal, axis of coiling the 
greatest diameter; juvenarium endothyroid, 
proloculum small; spirotheca thick; para- 
chomata broad and low. 

In addition to the subgenotype, the fol- 
lowing species and variety seem to us refer- 
able to the subgenus Misellina: Doliolina 
claudiae Deprat, 1912; Doliolina aliciae De- 
prat, 1912; Doliolina subelliptica Deprat, 
1915; Doliolina parvicostata Deprat, 1915; 
Doliolina termieri Deprat, 1915; Doliolina 
minor, Deprat, 1915; Doliolina minima 
Lange, 1925; Doliolina termieri var. pamir- 
ensis Doutkevitch, 1934. 


Subgenus BREVAXINA Schenck and 
Thompson, n. subgen. 


Subgenotype, Doliolina compressa Deprat, 1915 


Shell small, subspherical and laterally 
compressed; axis of coiling the shortest di- 
ameter, the subgenotype and only de- 
scribed representative has a form ratio of 
1: 0.58; umbilical areas depressed; prolocu- 
lum small; juvenarium endothyroid; spiro- 
theca thick, parachomata high and broad. 

The type species of this subgenus can be 
distinguished from representatives of the 
typical subgenus by its large form ratio and 
depressed umbilical areas. 


Genus PSEUDODOLIOLINA Yabe 
and Hanzawa, 1932 
Doliolina (part) authors prior to 1932; Gubler, 
1935, Soc. Géol. France, Mém., n. s., t. 11, 
fasc. 4, no. 26, pp. 68-71. 
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Pseudodoliolina Yabe and Hanzawa, 1932, Imp. 
Acad. Japan, Proc., vol. 8, no. 2, pp. 41-42; 
Galloway, 1933, A manual of Foraminifera, 
p. 410; Dunbar, 1933, in Cushman, Forami- 
nifera, Cushman Lab. Foram. Research, Spec. 
Pub. no. 4, p. 139; Chen, 1934, Palaeontologia 
Sinica, ser. B, vol. 4, fasc. 2, p. 100; Thompson 
and Foster, 1936, Jour. Paleontology, vol. 11, 
pp. 138-140; Dunbar and Skinner, 1937, Texas 
Univ. Bull. 3701, p. 575. 


Genotype, Pseudodoliolina ozawai Yabe and 
Hanzawa, 1932 (by original designation). 


Shell of medium size, elongate melon- 
shaped to slightly fusiform, planispiral; ju- 
venarium not typically set off from remain- 
der of shell; proloculum typically moder- 
ately large; volutions numerous; chambers 
numerous; septa unfluted; foramina devel- 
oped throughout the shell; parachomata de- 
veloped throughout the shell; narrow and 
high and reaching the top of the chambers 
just anterior of the septa—in some species, 
like P. dunbari (Gubler), the parachomata 
reach the top of the volution almost com- 
pletely across the chamber and appear as 
septula in axial sections; spirotheca typi- 
cally composed of only one recognizable 
layer in the inner volutions, but in the outer 
two or three volutions of mature forms the 
spirotheca is composed of a tectum, a thin 
inner layer and a central layer of light ma- 
terial, which apparently corresponds to the 
keriotheca of other genera. 

Representatives of Pseudodoliolina can be 
distinguished from other members of this 
subfamily by their thin spirotheca, narrow 
and high parachomata, elongated subcylin- 
drical shells, and large prolocula—the ex- 
ceptions to the last characteristic are the 
species S. lepida and D. douvilléi which we 
are referring to this genus with question. 

In addition to the genotype, the following 
described forms seem to us referable to the 
genus Pseudodoliolina: ?Schwagerina lepida 
Schwager, 1883; ?Schwagerina lepida var. 
ellipsoidalis Schwager, 1883; Doliolina pseu- 
dolepida Deprat, 1912; Doliolina major De- 
prat, 1914; Doliolina [lepida var.] lettensis 
Schubert, 1915; ?Doliolina douvilléi Gubler, 
1936; Doliolina dunbari Gubler, 1936. 

Through the generosity of Dr. W. O. 
Dietrich of the University of Berlin, we 
have been able to study a part of the syn- 
types of Schwagerina lepida Schwager. 
These specimens are all from the limestone 


on the right bank of the Yantze River, 
opposite Ki-tschou, Hupei Province, China. 
This limestone was designated by Schwager 
(1883, p. 107) as horizon a(1). Schwager 
states that this rock contains numerous 
specimens of the cylindrical variety of S. 
lepida ; he does not mention any other fusu- 
linids from it. This collection reached us 
after the manuscript was in press but we 
feel that a brief discussion of these types 
should be given at this time. 

It is evident from the following descrip- 
tions that the type specimens of S. lepida 
and of Pseudodoliolina ozawai Yabe and 
Hanzawa do not represent the same species, 
as proposed by Gubler (1935). The spirotheca 
of the type specimens of S. lepida is thicker, 
the proloculum is smaller, the midportion 
of the shell is more highly inflated, and the 
juvenarium of S. lepida is endothyroid and 
has a small form ratio, even in the specimen 
with an unusually large proloculum. 


Axial section passing through the center of 
the proloculum.—Stanford Univ. Paleont. 
Type Coll. Syntype no. 6730. 


Shell of 14.5 volutions (outer 1.5 volutions 
poorly preserved), subcylindrical in shape and 
slightly inflated in midportion, with broadly 
rounded poles; diameter of inner 13 volutions 
2.26 mm. and length 4.46 mm. (twice half- 
length), giving a form ratio of 1:2; inside diam- 
eter of proloculum 45 microns; form ratio of 
third volution 1:0.79; height of chambers in 
twelfth volution 147 microns; height of para- 
chomata in twelfth volution 80 microns; spiro- 
theca composed of tectum, coarsely alveolar 
keriotheca, and a lower layer; thickness of kerio- 
theca in fifth volution 10 microns and in twelfth 
volution 24 microns; height of chambers in 
twelfth volution 147 microns and height of para- 
chomata in same volution 80 microns; number of 
foramina in twelfth volution 26 to 30. 

The angle between the axis of coiling of the 
outer volutions and the axis of coiling of the first 
volution is about 90°, and the angle between 
the axis of the outer volutions and the axis of 
the second and third volutions is 48°. All three 
layers of the spirotheca are clearly visible from 
the fifth volution outward. 


Parallel sagittal section cutting the first 
volution.—Stanford Univ. Paleont. Type 
Coll. Syntype no. 6731. 


Specimen of 13 volutions, thickness 2.23 mm.; 
thickness of keriotheca in middle of chambers of 
the twelfth volution 21 to 24 microns; septal 
count from the fifth to twelfth volution 14, 16, 
16, 20, 20, 20, 20, and 26. The keriotheca becomes 
markedly thicker adjacent to the septa and 
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measures 42 to 48 microns just before passing 
down the septa in the twelfth volution. 


Axtal section tangential to the outer part of 
the proloculum.—Syntype no. 1, M. L. 
Thompson Collection. 


Shell of 15 volutions (outer two volutions in- 
complete), subcylindrical in shape and becoming 
more highly inflated in the mid-portion with 
growth; poles very broadly rounded; inner 13 
volutions 2.45 mm. in diameter and 4.43 mm. in 
length, giving a form ratio of 1:1.8; form ratio 
of third volution 1:0.9; height of chambers in 
twelfth volution 175 microns; height of para- 
chomata in twelfth volution 56 microns; thick- 
ness of keriotheca in fifth volution 10 microns 
and in twelfth volution 18 to 21 microns; there 
are 30 to 34 foramina in the twelfth volution. 

The angle between the axis of coiling of the 
inner two volutions and the axis of coiling of the 
outer volutions measures about 10°. 


Axial section passing through the center of 
the proloculum.—Syntype no. 2, M. L. 
Thompson Collection. 


Shell of 15 volutions (outer two volutions 
poorly preserved), subcylindrical, becoming in- 
flated in midportion with growth; inner 13 volu- 
tions 2.73 mm. in diameter and 5.0 mm. in 
length; form ratio of inner 13 volutions 1:1.83; 
inside diameter of proloculum 95 microns; form 
ratio of third volution 1:1.1; height of chambers 
in twelfth volution 194 microns; height of para- 
chomata in twelfth volution 65 microns; kerio- 
theca measures 10 microns in the fifth volution 
and 18 to 21 microns in the twelfth volution; 
there are 30 foramina in the twelfth volution. 

The angle between the axis of coiling of the 
first volution and the axis of coiling of the outer 
volutions measures 14 degrees. 
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CONTRIBUTIONS TO NAUTILOID NOMENCLATURE 


CURT TEICHERT 
University of Western Australia, Crawley, Western Australia 


EVERAL years ago I undertook, at the 

request of Professor Schindewolf, to 
prepare the volume on the Nautiloidea 
for the new Handbook of Palaeozoology, 
the first parts of which have recently been 
issued. In preparation of this work a sur- 
vey of established nautiloid genera had to 
be made, and in the following lines a few 
observations of nautiloid generic nomen- 
clature are communicated, since the Hand- 
book would not be the place to discuss 
purely nomenclatural matters. This survey 
includes only a portion of the existing no- 
menclatural problems. It may be necessary 
to present additional material at some fu- 
ture date. 

I am under obligation to Dr. J. B. Knight, 
Princeton University, and to Dr. A. B. 
Walkom, Sydney, for information kindly 
supplied with regard to certain literature 
references. 


NEW GENERA 


Liroceras, gen. nov. is here proposed for 
forms which have been referred to Coloceras 
Hyatt (1893, p. 449), not Coloceras Nitzsch 
(1882, p. 42). The genotype of Coloceras 
Hyatt is Coloceras hyatti Miller, Dunbar and 
Condra (1933, p. 132) from the Lower Car- 
boniferous of Belgium. However, as Miller, 
Dunbar and Condra have pointed out, that 
species is very imperfectly known, and it 
seems inadvisable to make it the genotype 
of a valid genus. Coloceras liratum Girty 
(1911), redescribed by Miller, Dunbar and 
Condra in 1933 (pp. 132-134), is, therefore, 
here chosen as the genotype of the new 
genus Liroceras. In consequence, Coloceras 
Hyatt, now restricted to its poorly known 
genotype, becomes either a genus inquiren- 
dum which need not be renamed, or, more 
probably, a subjective synonym of Liro- 
ceras. Liroceras, as here understood, com- 
prises all the species referred to Coloceras by 
Miller, Dunbar and Condra in 1933 as well 
as all the American species of ‘‘Coloceras”’ 
described after that date. It differs from 
Stearoceras Hyatt in the straight or almost 
straight course of its sutures and by the 


absence of an annular lobe. Its distribution 
is world-wide in strata of Upper Carbon- 
iferous (Pennsylvanian) and Lower Permian 
age. 

BALTICOCERAS, gen. nov. 

Genotype: Trematoceras discors Eichwald 
(1857, p. 201). Eichwald established the 
genus Trematoceras in 1851 (p. 123) for the 
two species Orthoceratites schlotheimii Stein- 
inger (from Wissenbach) and Orthoceratites 
elegans Miinster. The only species actually 
described by him under this generic name, is, 
however, Trematoceras discors from the Wes- 
enberg limestone of Estonia (1857, p. 201; 
1860, pp. 1259-1261). The genus was long re- 
garded as a synonym of Bactrites Sandberger, 
although none of the species referred to it by 
Eichwald are related to that genus. In 1930, 
I erroneously based my conception of the 
genus on Trematoceras discors and, after 
having examined the holotype of that spe- 
cies, I stated (p. 273) that Eichwald’s de- 
scription of it was essentially correct and 
that the genus was well established. Later 
on, in 1933, Schindewolf (p. 18) selected 
Orthoceratites elegans Miinster as the geno- 
type of Trematoceras and correctly pointed 
out that Trematoceras discors was an en- 
tirely different form. As thus established, 
Trematoceras Eichwald is a Triassic genus 
and seems to be the last of the Pseudortho- 
ceratidae, which are so widely distributed in 
the Middle and Late Palaeozoic. A new 
generic name is, therefore, necessary for 
Trematoceras discors and Balticoceras is here 
proposed for it. 

Diagnosis: Orthoconic shells, semicircular 
in cross-section; broadly flattened ventral 
side, evenly rounded semi-circular dorsal 
side; siphuncle marginal; septal necks ortho- 
choanitic. At present known only from the 
Wesenberg limestone (Etage E) of Estonia 
(Middle Ordovician). The relationship of 
the genus is apparently with Tripteroceras 
and allied genera. 


HERACLOCERAS, nom. nov. 


Heracloceras, nom. nov., is here proposed 
to replace Gigantoceras Hyatt (1900, p. 527), 
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preoccupied by Gigantoceras Holland (1893, 
p. 549). Genotype, Gyroceratites (? Nautibus) 
inelegans Meek (1871, p. 89). Devonian of 
Ohio. 


GENERA INQUIRENDA 


Genera are enumerated below which have 
been established in accordance with the 
International Rules and are technically 
valid, but which cannot be recognized on 
the basis of their original description. Such 
names must still be listed in catalogues and 
bibliographic indices, though they must be 
omitted from systematic and descriptive 
works, because their distinguishing charac- 
ters cannot be established. It is hoped that 
the following notes may stimulate the re- 
study of genotypes, wherever this is pos- 
sible, but unless additional information is 
forthcoming in the meantime, it will not 
be possible to give these genera any con- 
sideration. 

Amblyceras Glockner (1842, p. 30), estab- 
lished for forms ‘“‘probably different from 
Spirula, with two rather distant whorls and 
a blunt end.” The genotype, A. rittbergense 
Glockner, was neither described nor figured. 
The derivation of the specimen is given as 
Rittberg? in Moravia. It is probable that it 
came either from Silurian or Devonian 
strata. 

Apioceras Fischer (MS.), published by 
Fahrenkohl (1844, p. 779). Fahrenkohl re- 
marks that the same genus had been called 
Gomphocerus by Murchison and Miinster, 
though neither of these authors ever used 
this name. Apparently, A pioceras was in- 
tended to replace Gomphoceras Sowerby 
(1839), but in 1933 (p. 40) Miller, Dunbar 
and Condra selected Apioceras trochoides 
Fahrenkohl (1844, 779) as the genotype. 
This species comes from the ‘‘Bergkalk’’ 
(Carboniferous) of Karowa, Russia, but its 
description and figure are quite insufficient 
and, as Miller, Dunbar and Condra have 
stated, “‘it will not be possible to refer any 
other species to the genus,”’ nor is it pos- 


sible to determine its systematic position. 

Bisiphytes Montfort (1808, p. 55). Geno- 
type: B. reticulatus Montfort (1808, pp. 
55-56). Derivation: Sombrenon in Bur- 
gundy, France, evidently from strata of 
Jurassic age. Montfort was of the opinion 
that his type specimen possessed two si- 


phuncles (hence derivation of name). Pia 
pointed out (1914, p. 43) that Montfort 
evidently mistook the internal lobe of the 
suture for a second siphuncle. Spath (1927, 
p. 21) selected Nautilus striatus Sowerby 
(1817) as genotype of Bisiphytes, but this 
action is not justified under the Interna- 
tional Rules, as already indicated by Miller, 
Dunbar and Condra (1933, p. 43). As it is 
evidently impossible to recognize even the 
specific features of the genotype of Bisi- 
phytes, no other species should be referred 
to that genus, whose exact systematic posi- 
tion will remain indeterminable. 

Coleoceras Agassiz (1846), see Koleoceras 
Portlock (1843). 

Conoceras Bronn (1837, p. 98) (= Cono- 
ceratites d’Archiac and de Verneuil, 1842). 
Genotype: Conoceras angulosum Bronn. 
Derivation: Island off Thessalon, Lake 
Huron. Bathmoceras Barrande (1865) was 
long thought to be a synonym of Conoceras, 
but in 1934 (p. 340) Ulrich and Foerste 
announced that the genus was an endoce- 
roid, possibly related to Cameroceras. Until 
more observations on the type specimens 
are available, the position of Conoceras 
remains uncertain. 

Conoceratites d’Archiac and de Verneuil 
(1842) was evidently used instead of Cono- 
ceras Bronn and should be regarded as a 
synonym of the latter. 

Cyrthocerus King (1844, p. 274) was es- 
tablished for curved nautiloids; no species 
were mentioned in connection with this 
name. The name is, however, a homonym of 
Cyrtocerus Conrad (1838), which is a syno- 
nym of Cyrtoceras Conrad (1838). A renam- 
ing of King’s ‘‘genus’’ seems to be unwar- 
ranted. 

Diaphragmoceras Hyatt (1900, p. 514) 
was established for nautiloids whose siph- 
uncle is divided by transverse tabulae. No 
species are mentioned in the original de- 
scription nor have, as far as I am aware, any 
species ever been referred to this genus. No 
legal objection could be raised to the selec- 
tion of any of the now quite numerous spe- 
cies generally referred to the ‘‘Diaphrag- 
mida” group as the genotype of Diphrag- 
moceras. Since, however, Schuchert and 
Dunbar have stated (1934, p. 47) that 
Hyatt’s original specimens of Diaphragmo- 
ceras came from a certain bed in the Lower 
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Ordovician St. George series of Newfound- 
land, it seems best, before taking any fur- 
ther action, to await the results of a restudy 
of these specimens. 

Changkiuoceras Shimizu and Obata (1935, 
p. 3). The original description reads: ‘‘This 
genus is close to Penhsioceras, but with 
shorter, narrower, more acute endoconch” 
(sic!). The genotype C. shantungense is a 
nomen nudum and the exact affinities of the 
genus can, therefore, not be established. 

Diploceras Conrad (1842, p. 267). Geno- 
type: D. vanuxemi Conrad (1842, p. 267), 
from the Trenton limestone of Trenton 
Falls, New York. The genotype is evidently 
an endoceroid, and Whitfield (1882, p. 229) 
was inclined to regard it as conspecific with 
Endoceras proteiforme. If this is correct, 
Endoceras Hall (1847) would become a 
synonym of Diploceras. It is, however, very 
difficult to determine the relationships of 
Diploceras vanuxemi from the description 
given by Conrad and, for the time being, it 
seems more advisable to regard Endoceras 
as a valid generic name and Diploceras as 
a genus of indeterminate affinities. 

Discus King (1844, p. 274). This name is 
invalidated by Discus Fitzinger (1833). In 
the opinion of its author it should comprise 
all coiled nautiloids, but it is thought inad- 
visable to rename this genus, since no spe- 
cies were originally referred to it and its 
description was given in a very general way. 
Also, it is possible that the genus can be 
regarded technically as a synonym of Ellip- 
solites Sowerby (not Ellipsolithes Montfort), 
which is an ammonoid. 

Euorthoceras Foerste (1889, p. 278) 
Miller, Dunbar and Condra have already 
pointed out (1933, p. 49) that, when this 
generic, or rather subgeneric, name was 
first introduced, all the species mentioned 
in connection with this name were referred 
to that subgenus with reservation, and ac- 
cording to Art. 30e, none of them is eli- 
gible as the genotype. Moreover, no defini- 
tion, diagnosis, or indication as to the 
characters of Euorthoceras was given in the 
original publication, and it is, therefore, not 
possible to say that a ‘‘genus’’ or ‘“‘sub- 
genus’ Euorthoceras has been established in 
that year, and that name should be re- 
garded as a nomen nudum as of that year. 
However, in 1893 (b, pp. 539-543) Foerste 


again used the name in connection with a 
number of species. Euorthoceras appears 
here as a subgenus of Orthoceras and three 
species were now referred to it uncondi- 
tionally, viz. Orthoceras (Euorthoceras) igno- 
tum, O. (E.) erraticum, and O. (E.) hanover- 
ense. As it appears that Euorthoceras 1889 
can have no status in nomenclature, it 
seems that that name must date from 1893 
and that the genotype must be selected 
from among the species mentioned above. 
The two first mentioned species were dis- 
cussed in more detail by Foerste in another 
publication in the same year (Foerste 
1893 a), but the name Euorthoceras was not 
mentioned in that paper at all. The three 
species from which the genotype of Euor- 
thoceras must be selected are rather differ- 
ent in structure, and it is most probable that 
they belong to three different genera. No 
action is, therefore, proposed in this con- 
nection, until additional information on 
these species has been forthcoming. 

Foersteoceras Shimizu and Obata (1936, 
p. 21). Genotype: Orthoceras sebkirkense 
Whiteaves (1892, p. 82) from the Ordovi- 
cian Red River formation of Manitoba. 
The genus was established for orthocones 
with rather distant, coarse, prominent an- 
nulations. The name is preoccupied by 
Foersteoceras Ruedemann (1925). Since the 
finer surface ornamentation of O. sebkirkense 
is not known, and the relative distance of 
the annulations cannot be regarded as a 
feature of generic importance, the exact 
relationships of this species will be difficult 
to establish, and it is probably unnecessary 
to rename the genus. 

Gomphoceras Sowerby (1839, p. 620). 
Genotype: G. pyriforme Sowerby. Foerste 
has repeatedly emphasized (1930, p. 363; 
1936, p. 79) that this genus cannot be re- 
garded as well-established and that it might 
turn out to be synonymous with Hexamero- 
ceras, Tetrameroceras or Mandaloceras. At 
present it will not be possible to give a 
proper description of the genus or to refer 
it to any definite place in the system of 
nautiloids. 

Gyrocerus King (1844, p. 274) was estab- 
lished for nautiloids which are ‘‘tendril- 
shaped or open-coiled.’’ No species are 
mentioned in the original description, and as 
far as I am aware no species have ever been 
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used in connection with this generic name. 
It seems inadvisable to revive the name 
by assigning any species to it. 

Hortolus Montfort (1808, p. 282). Geno- 
type: H. convolvans Montfort. Many authors 
have regarded this name as a synonym 
of Lituites ‘‘Montfort.’’ This is, however, 
quite impossible since the genotype of 
Hortolus came from the vicinity of Namur, 
Belgium, probably from strata of Devonian 
or Carboniferous age, whereas Lituites is 
an Ordovician genus. Montfort’s figure, 
which indeed suggests a Lituites of the 
perfectus type, must be highly imaginative. 
Also, it cannot be decided whether or not 
Steininger (1833, p. 370) was correct in re- 
ferring a gyroceraconic, exogastric speci- 
men from the Devonian of the Eifel to 
Hortolus convolvans. Future research may 
make it possible to recognize the genus 
among Devonian or Carboniferous material 
from western Germany or Belgium, but at 
present it cannot be properly identified. 

Koleoceras Portlock (1843, p. 378 
=Coleoceras Agassiz, 1846). Three species 
were described from the ‘‘Silurian”’ of Ire- 
land, but no genotype has apparently ever 
been selected. Portlock established the 
genus on specimens which seemed to show 
“external appendages’”’ of the shell. He is 
careful in expressing an opinion on these 
“appendages” and it seems that his speci- 
mens were strongly crushed and flattened 
orthoconic forms in which part of the septa 
have been crushed and portions of the shell 
have becone detached from the conch. It 
will probably never be possible to deter- 
mine exactly the generic relationships of 
these fossils, and it is not possible to assign 
them to any place in our present system of 
nautiloids. 

Mollossus Montfort (1808, p. 350) = Ortho- 
ceratites Gmelin, 1793. 

Nautilites Pallas (1771, p. 478). Geno- 
type: N. complanatus Pallas, from the 
Wolga region of Russia. This is the first 
time the name Nautilites has been used in 
print in a Linnean sense, and Lamarck’s use 
of the same name in 1799 (p. 79) is thus 
invalidated. It is clear from his description 
that Pallas refers to a fossil nautiloid, but 
the description (no figure is given) is not 
sufficiently accurate to assign the genus to 
any particular group of nautiloids. 
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Nelimenia Castelnau (1843, p. 33). Geno- 
type: N. incognita Castelnau, from Mont- 
morency, Canada. The genotype is an un- 
recognizable breviconic conch resembling 
Beloitoceras or one of its many related 
genera. Unless it will be possible to study 
topotype material, the genus will remain 
unrecognizable. 

Nothoceras Eichwald (1860, p. 1193). 
Genotype: Orthoceras impressum Eichwald 
(1857, p. 179), from the Lyckholm stage 
of Estonia. I have previously (1930, p. 271) 
ventured the guess that this genus might 
be synonymous with Kochoceras Troedsson, 
1926. Description and figures of Eichwald’s 
species are, however, so vague that this 
must be regarded as rather uncertain. The 
name is a homonym of Nothoceras Barrande 
(1856, p. 317) but it is inadvisable to re- 
place it by another name before the type 
specimens have been found and restudied. 

Orthoceras Deshayes (1831, p. 217). As 
has been pointed out by Teichert and 
Miller (1938) Deshayes was the first Lin- 
nean author to use the name Orthoceras in 
connection with a fossil nautiloid. His name 
is a homonym of Orthoceras Bruguiére 
(1789), but since Deshayes’ only species, 
O. simplex, is poorly defined and lacks dis- 
tinguishing features, it is inadvisable to 
rename this fossil. 

Orthoceratites Gmelin (1793, p. 412). 
Genotype: Orthoceratites gracilis Blumen- 
bach (1803). This genus remains unrecog- 
nizable as pointed out by Teichert and 
Miller (1936, p. 357), and it will not be pos- 
sible to refer any other species to it. Schinde- 
wolf, in 1933, referred to the genus several 
orthoconic nautiloids from the Devonian of 
Germany without, however, stating any 
particular reasons for doing so. 

Orthocerus King (1844, p. 274). The name 
was used in a broad sense for all straight 
nautiloids. It seems never to have been 
used in connection with a specific name, and 
in the sense applied by King it covers the 
same variety of forms as Orthoceros Briin- 
nich, 1771 (see Teichert and Miller, 1936). 
It is inadvisable to revive the name by re- 
ferring any species to it. 

Sannionites Fischer de Waldheim (1829 
p. 325). Genotype: Sannionites crepitaculum 
Fischer de Waldheim (1837, p. 126). The 


genotype is an unrecognizable fragment of 
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an orthoconic conch with a _ subcentral 
siphuncle. Hyatt (1884, p. 266) regarded 
the genus as synonymous with Cameroceras 
Conrad, but this opinion is not tenable. The 
systematic position of the genus remains 
indeterminable. 

Spirulites Parkinson (1811, p. 110). The 
genus is described in rather vague terms as 
resembling Spirula, but differing mainly in 
size. It is clear that the name is applied to 
fossil cephalopods, for the author writes: 
“The fossils shells of this genus have 
hitherto been named Lituites... but in 
these pages I shall denominate them Spiru- 
lites, in accordance with the name of the 
[living] genus. ‘‘He then continues to de- 
scribe the characteristics of shells which are 
now usually known under the name of 
Lituites. No species were referred to the 
genus and it is, indeed, somewhat question- 
able whether Parkinson can be regarded as 
a Linnean author. Spirulites Parkinson can 
probably be regarded as a synonym of 
Lituites, the author of which seems to be 
Gmelin. 


MISCELLANEOUS NOMENCLATURAL 
PROBLEMS 


In the diagnosis of Campulites Deshayes 
(1845, p. 253), the author says that he had 
announced this genus as early as in 1830. 
However, in his publication of that year 
(p. 226) he had used the French transcrip- 
tion ‘‘Campulite;’’ moreover, no description 
accompanied that name, so that the genus 
must date from 1845. In his description of 
the genus Deshayes states that later (after 
1830) Goldfuss had characterized the genus 
in a new and more complete manner. The 
only nautiloid genus established by Gold- 
fuss is Cyrtoceratites Goldfuss, 1830, and it 
seems evident that Campulites Deshayes is 
a synonym of that genus, although several 
later authors regarded it as a synonym of 
Phragmoceras Broderip. 

Cyrtoceratites Goldfuss, in Hoeninghaus 
(1830 p. 228). As pointed out by me in 
1939, this is the genus usually referred to 
as ‘‘Cyrtoceras’”’ and credited to Goldfuss 
1832 (in de la Beche’s Handbuch der 
Geognosie), where, however, the name was 
spelled Cyrtocera. As the genotype of Cyro- 
ceratites I select Cyrtoceratites depressus 
Goldfuss, first mentioned by Hoeninghaus 


in 1830 and fully described and figured by 
Bronn (1837, p. 101). A more modern de- 
scription of this species has been given 
by Foerste (1930, p. 290). 

Discoceras Barrande (1867, p. 177). Geno- 
type: Clymenia antiquissima Eichwald 
(1842, p. 33), from the Ordovician of 
Estonia and Norway. The genus was estab- 
lished in the same year as the ammonoid 
Discoceras Hyatt (1867, p. 76), which was 
later on suppressed as a homonym. The 
Director of the Museum of Comparative 
Zoology at Harvard College has kindly 
informed me that Hyatt’s paper was pub- 
lished in December 1867. The preface to the 
first text volume of Barrande’s Systéme 
Silurien (Cephalopods) bears the date of 
the 2nd February 1867. Even if that volume 
might not have appeared during the same 
month, it is reasonable to assume that it 
appeared prior to December, and that, 
therefore, Hyatt’s choice of Discoceras does 
not invalidate Barrande’s name. 

Romingoceras was established by Foerste 
in 1933 (p. 129) with Romingoceras joseph- 
ianum as genotype. The description of this 
species, however, is headed ‘‘ Romingeroceras 
josephianum”’ on p. 130 of the same publica- 
tion. Since Foerste stated that Rominger 
had collected the type specimen, preference 
should be given to the spelling adopted on 
p. 130 and Romingoceras should be sup- 
pressed in favor of Romingeroceras. 

Trundleoceras Foerste (1938, p. 81) was 
used in connection with two species from 
the Upper Canadian of the Mingan Islands, 
Quebec, viz. Piloceras canadense Billings 
and Trundleoceras coarctum, Foerste. No 
generic description was given and no geno- 
type selected. Strictly speaking, the name 
Trundleoceras is, therefore, not available 
under the International Rules. It is, how- 
ever, evident that the two species men- 
tioned above belong to the genus Allopilo- 
ceras Ulrich and Foerste (1936), and that 
the name Trundleoceras can be suppressed 
on account of synonymy. 

Monilifer Fritsch (1906, p. 245). This 
name was established for Quenstedt’s Tri- 
assic ‘group of Nautilus bidorsatus,” though 
the author did not select a genotype. 
Nautilus bidorsatus Schlotheim is, therefore, 
here chosen and Monilifer Fritsch becomes 
an exact synonym of Germanonautilus 
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Mojsisovics (1902, p. 235), which has the 
same genotype. Both genera were listed 
separately by Schmidt (1928, p. 284). 


GENERIC NAMES FOR NONEXISTENT FORMS 


These are names of hypothetical genera 
which have no status under the Rules (com- 
pare Opinion 2 of the Intern. Comm. Zool. 
Nomencl.). 

Lituunculus Barrande (1867, p. 177). 

Protovaginoceras Ruedemann (1905, p. 
326). 

Proteropiloceras Ruedemann (1905, p. 
330). Kobayashi, in 1937, erroneously re- 
garded Cassinoceras Ulrich and Foerste, 
1936 (genotype: Piloceras explanator Whit- 
field), as a synonym of Proteropiloceras. 
Ruedemann leaves no doubt that Piloceras 
explanator does not possess all the charac- 
teristics of that hypothetical genus. 


DESIGNATIONS 


In 1867, Barrande introduced a number 
of designations for certain groups of brevi- 
conic nautiloids with constricted and lobed 
apertures. He divided (p. 203) his species of 
Phragmoceras into two series, endogastric 
and exogastric forms, and each series into 
a number of groups according to the number 
of lobes recognizable in the aperture of the 
species. No special designation was attached 
to forms with an entire aperture (‘‘orifice 
non lobé’’); forms with two lobes were 
called Diméres, forms with four lobes Tetra- 
méres, with six lobes Hexaméres, with eight 
lobes Octaméres. Similarly, on pp. 264-265, 
the species of Gomphoceras were grouped in 
two series, exogastric and endogastric, and 
the series were subdivided into groups after 
the same principle, viz. the shape of the 
aperture. Again, no special designation was 
attached to forms with an entire aperture. 
Forms with two lobes were called Dimorion, 
forms with three lobes Trimorion, with four 
lobes Tetramorion, with five lobes Penta- 
morion, and with six lobes Hexamorion. 

These names have been listed as generic 
names in recent zoological Nomenclators 
and it is, therefore, necessary to consider 
them briefly. Barrande had very definite 
ideas about the question: What con- 
stitutes a genus?, and he recognized but a 
limited number of the genera which had 
been established up to the time of his writ- 


ings. In different parts of his ‘“‘Systéme 
Silurien"”’ he discussed all these genera in 
considerable detail, but nowhere does he 
refer to the above-mentioned names as 
genera as he would have them understood. 
It is, therefore, quite clear that he himself 
did not regard these designations as generic 
names, and that he had not intended to 
establish genera when he differentiated be- 
tween those groups. As a matter of fact, 
such a procedure would have been contrary 
to the taxonomic principles to which Bar- 
rande adhered. Nowadays we do regard 
those groups as distinct genera, and if 
Barrande designations were to be regarded 
as valid generic names, they would invali- 
date such names as Trimeroceras, Tetra- 
meroceras, Pentameroceras, and Hexamero- 
ceras, which were established by Hyatt and 
are now commonly in use. It seems how- 
ever, that Barrande’s designations must be 
regarded in the light of the principles laid 
down in Opinions 72 and 132 of the Inter- 
national Commission on Zoological Nomen- 
clature. They are of the same kind as Her- 
rera’s designations, Rhumbler’s formulae 
and Sobolew’s ‘‘Gattungsbezeichnungen” 
and can have no status in nomenclature. 
They should not even be listed in Nomen- 
clators. 
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DIAGRAMMATIC REPRESENTATION OF 
AMMONOID SUTURES 


W. M. FURNISH anp A. G. UNKLESBAY 


Oklahoma A. and M. College, Stillwater, Oklahoma, and State University of Iowa, 
Iowa City, Iowa 


ABSTRACT—Various methods of drawing sutures are reviewed, and a procedure in- 
volving the use of a camera lucida is illustrated and described in detail. 


— SUTURES of ammonoids are used 
more than any other feature in the 
classification of this group of fossils. Al- 
though the gross outline is sufficient in 
most cases for identification, the trend 
toward finer biologic subdivision makes it 
increasingly essential that true proportion 
and detail be represented in suture draw- 
ings. The general principles used in prepar- 
ing such diagrams are readily understood; 
however, the technique of actual applica- 
tion involves numerous problems. 


METHODS PREVIOUSLY DESCRIBED 


Several articles have appeared describing 
devices and methods to be used in drawing 
representations of ammonoid sutures. The 
major distinction to be made in the various 
methods is that some involve a direct con- 
tact with the suture during transfer and the 
others employ only projection. The transfer 
of a suture from the surface of an expanding 
coil to a plane necessarily causes certain 
distortions. However, any method which is 
practiced carefully, except possibly free- 
hand drawing, will produce a consistent 
kind and amount of error. Therefore the 
value of the illustration is not greatly 
affected. In any case, there is ample reason 
to believe that diagrammatic representa- 
tions of sutures can be satisfactorily ac- 
complished by any one of several means, 
and that the most practical method in any 
given case will be determined primarily by 
the size and preservation of the material 
involved and the facilities available. In ad- 
dition to the methods discussed here, there 
may be numerous others that have been 
employed; it is not likely, however, that 
they differ greatly in mode of application. 

Probably the simplest means by which 


sutural representation is accomplished is 
that outlined in some detail by Bassé (1930) 
and by Elias (1933). This consists of the 
application of a strip of cellophane or some 
other thin transparent flexible medium to 
the surface of the shell and covering the 
suture intended for reproduction. If the 
cellophane is held securely in position with 
one hand, the other is free to follow the 
suture with a pen or stylus. Merely indent- 
ing the surface of the cellophane, as sug- 
gested by Bassé, makes an exact line, but 
the cellophane may be inked directly if 
greater contrast is desired. The copy can 
then be projected or photographed for en- 
largement to desired size; a pantograph 
adapts itself readily for the same purpose. 
Bassé states that as early as 1921, C. P. 
Nicolesco had practiced a similar method, 
in which collodion was applied directly to 
the specimen. The inside of the ‘‘peel”’ 
obtained, then showed the sutures in relief 
in cases where the suture lines had existed 
as depressions on the internal mold of the 
shell. The same method can be employed 
on smooth whorls, for if the sutures are 
visible through the collodion, they may be 
traced directly with ink. 

Sutures which are relatively simple can 
be drafted from direct measurements. The 
easiest way to apply this method is by the 
use of an ocular grid and corresponding 
graph paper—a combination often em- 
ployed in similar illustrative drawing. It is 
usually advisable in this case to draw a 
transverse ‘“‘base line’ from the venter of 
the specimen to the umbilicus approxi- 
mately bisecting midheight of lobes and 
saddles. Points of control can then be 
plotted with reference to a corresponding 
line on the drawing paper. On larger speci- 
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mens, direct transfer of points can be made 
with simple dividers, or proportionate di- 
viders may be used to facilitate the con- 
struction of an enlarged drawing. This 
method involves a considerable amount of 
uncertainty and is somewhat laborious for 
anyone possessing only a fair aptitude for 
representing proportion. 

A direct application of the principle of 
the pantograph in the representation of su- 
ture diagrams has an obvious appeal and is 
a logical answer to some of the problems 
involved. The apparatus described by 
Lupher, Lupher, and Packard (1930) seems 
to surmount the mechanical difficulties con- 
cerned with its use. The major objection to 
the universal adoption of this method, is 
the complexity of the device, which must 
be carefully constructed if sufficient accu- 
racy is to be obtained. It may be expected 
that the margin of error is determined pri- 
marily by the operator’s ability to follow 
sutures with the ‘‘tracing stylus,’’ an impor- 
tant factor in specimens of no more than 
moderate size. Enlargement involves an 
additional step in the procedure. 

After some experimentation, it was con- 
cluded that the procedure described by 
Bése (1907) constituted the most practical 
method for reproducing ammonoid sutures. 
Although certain modifications were adopted, 
the same general outline was retained. As 
described by Bése, the main feature is a 
device by which the specimen may be ro- 
tated upon an axis passing through the 
center of curvature of the transverse periph- 
ery of the whorl and parallel to the plane 
of the coil. Successive views of portions of 
the suture during rotation are recorded by 
photography. Each view is overlapped by 
adjacent ones enough to remove essentially 
all distortion due to fore-shortening. In 
actual practice, the authors have found 
that the utilization of a camera lucida, in- 
stead of a camera, simplifies and accelerates 
the procedure somewhat. Elias (1933, p. 
293) discusses the use of a microscope and 
camera lucida in a similar manner. A wide 
range of magnifications can be obtained by 
using various simple lenses and the com- 
binations available in a compound micro- 
scope. Although the distance from ocular to 
drawing field is usually established equal to 
that from the ocular to the visual image of 


599 


the suture, magnifications may be adjusted, 
within limits, by changing the ratio of these 
distances. In adapting Bése’s device for a 
camera lucida, the axis of rotation was 
altered from vertical to horizontal. Under 
the latter circumstance, a ‘‘moving shelf’ 
similar to that of Lupher, Lupher, and 
Packard was found to be most satisfactory. 


RECOMMENDED PROCEDURE 


The procedure outlined here now seems 
to be the most readily adaptable to various 
conditions of size, preservation, and com- 
plexity of suture. While, individually, the 
basic principles involved are in no sense 
original with the authors, the integration 
of these fundamentals into what they regard 
as a more practicable method is the result 
of experience with hundreds of specimens.. 
Also, the writers are indebted to Dr. A. K. 
Miller for helpful suggestions. 

The general view (text fig. 1) shows a low 
magnification or macroscopic arrangement 
in which an Abbe type camera lucida is held 
in position by a fixed upright and only a 
simple lens is used. A combination of this 
general type of drawing apparatus and 
movable stage is provided as standard ap- 
paratus by several optical supply houses. 
The only piece of special equipment neces- 
sary is a simply constructed moving shelf 
(text fig. 2). A compound microscope may 
be substituted directly, if greater magnifi- 
cation is desired. 

The periphery of the whorl in most shells 
deviates considerably from the arc of a 
circle. Therefore the center of curvature is 
not a point but a line and rotation of the 
specimen on any one axis alters its vertical 
and lateral position. Adjustments must then 
be made to return the desired segment of 
the suture to a median position in the field 
of the camera lucida and to a height nearly 
the same as used for the previous view. Any 
appreciable difference in height causes a 
change in the distance from ocular to speci- 
men and results in a different scale of mag- 
nification. The vertical adjustment can, in 
many cases, easily be accomplished by 
merely bringing the specimen into sharp 
focus. However, if the depth of focus is 
relatively great, a more nearly precise regu- 
lation is necessary. A folding or rotating 
‘“‘pointer’’ which can be brought into posi- 
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tion to check the height serves this purpose. 
Bése used a string between uprights to de- 
termine the position; the string was drawn 
taut when desired but was otherwise un- 
obtrusive. A pointer device is often more 
convenient than the string, particularly for 
internal sutures, and is supported by a single 
movable upright rather than two which are 
fixed. Ordinary rack-and-pinion devices are 
advantageous for vertical and lateral ad- 
justment of the specimen, but simpler ar- 
rangements are quite satisfactory. 
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beneath. A light-colored or white stylus is 
chosen which contrasts well with the two 
fields of view; a flattened side on the point 
of the stylus can be used to reflect light and 
accentuate this contrast. Also, the drawing 
field may be illuminated by a light source 
nearly on the same level as the paper; this 
results in a relatively small amount being 
reflected except from the stylus which is 
clearly visible. 

The specimen may be prepared in various 
ways to make the sutures more readily dis- 


Fic. 1.—General view of suture-drawing apparatus. 


A major difficulty encountered in the use 
of a camera lucida is the discrepancy in ef- 
fective illumination on the specimen and 
on the drawing field. The amount of light 
upon the suture is reduced, in effect, pro- 
portionately to the square of the magnifi- 
cation in diameters. It is possible, however, 
to compensate for the difference even in 
cases where considerable magnification is 
desired. A brilliant spot light which can be 
focused on the specimen helps considerably. 
Also the camera lucida is usually provided 
with smoked discs of varying density which 
can be used to reduce the amount of light 
from the drawing field. In practice we have 
found that it assists greatly to use a dark 
sheet of paper on the drawing field rather 
than a white one. Carbon paper over draw- 
ing paper gives a dark field and at the same 
time the single operation provides a clear 
copy as a carbon tracing on the white sheet 


cernible. After all of the surrounding matrix 
and shell material has been removed, de- 
tails of the sutures may be made perceptible 
through very slight etching with dilute acid. 
Glycerin or any of various oils are used to 
temporarily clear the surface of “grain.” 
In internal molds, sutures commonly exist 
as linear depressions. The contrast and 
general tone of the specimen may then be 
heightened by coating with ammonium 
chloride sublimate or a similar white powder 
supplied by the combustion of magnesium 
“ribbon.’’ As mentioned by Bése and by 
Elias, painting the suture directly on the 
specimen generally more than compensates 

1 Recently the authors have employed an il- 
luminated stylus on a completely darkened draw- 
ing field. This apparatus consists of a pointed 
glass rod attached to a very small ket flash- 
light. The stylus is better defined if the point is 


slightly frosted and the remainder is covered 
with an opaque substance. 
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Fic. 2.—Detailed views of specimen mounted on turning shelf. 


for the additional trouble involved. One 
side of the line is covered solidly with color 
applied with a fine camel hair brush. White 
water-color (China white) shows quite 
clearly on even light-colored specimens and 
can be readily altered or removed. 

It is perhaps unnecessary to point out 
that, to avoid distortion, the mirror of the 
Abbe camera lucida is ordinarily set at 45°. 
If mounted on a binocular microscope, the 
mirror angle should be less, by one-half the 
angle which the ocular deviates from the 
vertical ina lateral direction. If an inclined 


-ocular is employed, the drawing field must 


be supported on a platform of the same 
degree of inclination. 

In text figure 2A, an anterior view of the 
turning shelf, the specimen isshown mounted 
in modeling clay so as to place the axis of 
rotation near the center of curvature for 
the periphery. In this position, the undis- 
torted portion of the suture lies within 
points 0 and 1. The specimen is then ro- 
tated successively to the positions shown in 

1 1 


text figures 2B and 2C while units of the 
suture are transferred in each case. Text 
figure 2D illustrates a view of the turning 
shelf from above, with the specimen and 
selected suture in proper position. 

A complete suture may be drawn as a 
unit in a single operation if sufficient care 
is used. However, it is usually more con- 
venient to construct elements of the suture 
and ijater combine them by tracing. In text 
figure 3A, the component parts of an exter- 
nal suture consisting of four units are shown. 
The dashed lines represent the portions of 
the field of view which have been distorted 
by fore-shortening. The segments shown in 
figure 3A are then aligned and overlapped 
by tracing to form the single figure shown 
in 3B. The dashed lines are, of course, not 
retained on the finished drawing. Numbers 
on the sutures in text figure 3 correspond 
directly to those on text figure 2A where 
the corresponding positions on the specimen 
are indicated. 

Specimens of odd size and shape offer 


Fic. 3.—Unassembled segments and completed suture. 
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some difficulties in the preparation of suture 
drawings. Large specimens make it advis- 
able to substitute a more spacious turning 
shelf for that found convenient in average 
cases. Thinly discoidal or lenticular speci- 
mens have sides so strongly flattened that 
it is not desirable to place the axis of rota- 
tion at the center of curvature. However, 
sutures are easily transferred from a surface 
with such a small amount of curvature with 
but little adjustment and no appreciable 
distortion. Internal sutures may be treated 
like external ones; in most cases, the speci- 
men must be reset after viewing the exterior. 
The only additional difficulty is that a direct 
sight normal to the surface of the shell may 
be obscured by the specimen itself. 

Sutures of nautiloids never reach more 
than a slight degree of complexity, but they 
can be reproduced diagrammatically by the 
same means as used for ammonoids. The 
nautiloid septa are, in most cases, simple 
concave discs with no additional flexures. 
The sutures rarely need to be illustrated 
diagrammatically, for they are to a large 
extent merely an expression of the shape of 
the whorls. 

A suture drawing, in final form, may rep- 
resent only a diagram of a single suture, it 
may comprise a partial reconstruction of 
one, or a composite of several. In the latter 
two cases, an attempt is made to illustrate 
the true form of a specific individual, but 
not necessarily the species. Interpretation is 
not as likely to influence the drawing if all 
the data is derived from a single source. 
However, successive sutures are essentially 
similar except for ontogenetic changes, which 
are rather gradual. Therefore, it is only 
reasonable to fill in missing portions of su- 
tures and to check details from other parts 
‘of the whorl which has the desired part bet- 
ter exposed. Careful interpolation can logi- 
cally be regarded as authentic. Likewise, the 


W. M. FURNISH AND A. G. UNKLESBAY 


sutures on opposite sides, though in reverse, 
closely simulate one another. If proper care 
is used, reconstructions may thus be based 
upon two sides of a specimen. It should be 
noted, however, that in right and left su- 
tures appreciable differences in secondary 
elements of the suture are not rare, and 
tertiary elements may be expected to differ 
considerably. Even greater danger of error 
is involved in cases where more than one 
specimen is used as the source of data; such 
a practice should probably be limited to a 
mere check of observations. 

In addition to the magnification of a su- 
ture drawing, it is advisable to give at least 
one significant dimension of the conch. Un- 
less there is a precise indication of the size 
of the specimen represented, it may be diffi- 
cult to compare sutures of closely related 
species. 
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FORAMINIFERA, THEIR CLASSIFICATION AND 
ECONOMIC USE, by Joseph A. Cushman 
Third edition, revised and enlarged, with 
an illustrated key to the genera, pp. 535 
+viii, pls. 79, 14 charts, maps, etc., in- 
serted as figures in text (not numbered 
serially), bibliography. Harvard Univer- 
sity Press, Cambridge, Mass., April, 
1940. Price $6.00. 

This useful, handsome book is a somewhat 
enlarged and revised edition of the one re- 
viewed by Moore in this Journal (vol. 7, 
pp. 446-447, 1933). The main purpose of the 
volume is to present a systematic catalogue 
of the genera of the Foraminifera arranged 
according to the author’s views on genetic 
relationships. The catalogue (pp. 62-333) 
as presented is a noteworthy contribution to 
science because it assembles in one place 
many widely disseminated data. Students 
and specialists alike will be grateful for 
such a comprehensive compilation, where 
they find under each genus a designation of 
the genotype, an appropriate bibliographic 
citation or citations, a brief description, a 
statement of geological range, and some- 
times an indication of geographic occur- 
rence. Carl O. Dunbar is the author of the 
chapter dealing with the Fusulinidae. T. 
Wayland Vaughan and W. Storrs Cole are 
the authors of the part on the Orbitoididae, 
Discocyclinidae, and Miogypsinidae. 

The workmanship is of superior quality. 
The book is well bound in brick-red cloth 
with gold lettering. The exterior size is 
62 X93 inches (165 X238 mm.). The 31 text 
plates are line drawings on white; the 48 
excellent key plates are black-back-ground 
halftones printed on both sides of the page. 
The catalogue part of the book is attractive; 
the sequence of heads is clear. The flush- 
and-hang style in the 58 pages of topically- 
arranged bibliography is an aid to quick 
finding. 

Thalmann (Eclogae geol. Helvetiae, vol. 
31, no. 2, 1938 [1939] pp. 342-344) recently 
estimated that between the years 1826 and 
1932 about 1100 genera and 9000 species of 
Foraminifera were named; during the seven 
years from 1931 to 1937, a new species was 
named every day. Cushman accepts 645 
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generic and subgeneric names as valid. It 
is thus easy to see that it was an enormous 
task to prepare a catalogue of the genera of 
Foraminifera with their synonyms. That a 
few names have escaped attention is no re- 
flection on the author, as he will undoubt- 
edly deal with them in the next edition. The 
following are among the names not treated 
in the present edition: 

Borelia, Checchiaites, Cibicidoides, Cono- 
miogypsinoides, Cribropullenia, Cristellariop- 
sis, Haplophragmella, Heliocyclina, Helico- 
lepininoides, Helicostegina, Katacycloclypeus, 
Laevipeneroplis, Marginulinopsis, Nanno- 
conus, Orbitolinopsis, Radiocycloclypeus, Va- 
culispira, and Vaginulinopsis. 

Chapters I to X (pp. 1-61) are little 
changed from the previous edition; they 
deal with generalities, such as the living 
animal, the test, and geologic distribution. 
These chapters are much condensed, and 
of course, their scope reflects the author's 
opinion of the relative importance of the 
subject matter. Many readers will hold the 
view that this minor part of the book might 
have been subjected to somewhat different 
treatment. For example, it is unfortunate 
that lack of space prevented a digest of 
such papers as those by Myers (1936, 
1938), Natland (1933), Norton (1930) and 
Kleinpell (1938). 

Since the title of the book leads the pur- 
chaser to believe that he will find an ade- 
quate discussion of the economic use of 
Foraminifera, it was disappointing to dis- 
cover that only five pages (37-41) comprise 
the chapter on this subject. The chart on 
page 40 is misleading, as Zones cannot be 
subdivisions of ‘‘Sections’’ and ‘‘Divisions.”’ 
Zones are time-stratigraphic units; they are 
subdivisions of Stages. Zones are thicknesses 
of strata delimited by paleontological cri- 
teria. Stages are units of a higher rank. 

The fascinating subject of geographic dis- 
tribution is dealt with in chapter VI. Recent 
studies on the west coast of North America 
(Martin and Keen, Proc. Geol. Soc. Am. 
for 1936 [1937] p. 384) have shown that 
warm-water faunas occur as far north as 
Lower California. The map on page 45, 
therefore, is not quite correct in all details. 
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The geologic distribution (pp. 47-51) 
of the Foraminifera, Cushman paints with a 
broad brush. Whether the ancestral foram- 
inifer was naked, chitinous, arenaceous, or 
calcareous is relatively unimportant; the 
significant fact is that by Cambrian time 
—and probably long before—the Foram- 
inifera were differentiated from other or- 
ganisms not only as Foraminifera but also 
as several kinds of Foraminifera. This chap- 
ter might have been of more practical value 
if it had incorporated a tabulation such as 
that published by Chapman and Parr (Proc. 
Roy. Soc. Victoria, vol. 49, pt. 1, 1936). The 
interesting graphic analysis by Thalmann 
(op. cit., p. 340) would have been an instruc- 
tive addition. The chart by Brotzen (Geol. 
Foren. Férhandl. 1936, p. 120) shows the 
‘flourishing periods’ of a number of fami- 
lies; such a graph offers intriguing possibili- 
ties. 

A diagram (p. 62) shows the relationships 
of the families. The ancestral family is the 
Allogromiidae, whence sprang directly the 
Rhizammidae and Saccamminidae, with an 
early offshoot to the Astrorhizidae. The 
main phylogenetic trend is to the Ammo- 
discidae, from which radicle all the other 
families are derived. The Discocyclinidae 
and Miogypsinidae are not included in the 
illustration. The chief value of the chart is 
that it clearly expresses the author’s views 
on relationships. The reviewer wonders if 
it would have been helpful also to represent 
graphically the views of other authors on 
the same subject, as differences of opinion 
frequently enliven a study and show stu- 
dents where they may offer valuable con- 
tributions. Suppose Cushman had accepted, 
as do many specialists, the family Bolivini- 
tidae, had rejected Cycloclypeus from the 
family Camerinidae, and had arranged the 
Orbitolinidae according to Galloway (Man- 
ual ef the Foraminifera). Suppose Cushman 
more frequently based his concepts of genera 
upon genotypes. If such suppositions were 
made, a radically different chart might 
result, and a student would understand 
clearly that any classification into genera 
and families is subjective. 

The key (pp. 397-425) is not dichoto- 
mous and hence difficult for the student to 
use. The requirements of satisfactory keys 
are listed by Simon (Geol. Soc. Am. Proc., 
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for 1936 [1937] p. 385). In order to get inde- 
pendent opinions concerning the workabil- 
ity of Cushman’s key, the reviewer can- 
vassed a considerable number of teachers, 
students, and economic paleontologists. The 
responses were unanimous: the key could 
be made much more useful. 

No book of such a wide scope as this could 
be entirely free from minor imperfections. 
No mention is made of the careful study of 
Loftusia by Cox (Eclogae geol. Helvetiae, 
vol. 30, no. 2, 1937 [1938] pp. 431-449), who 
gives a description and phylogenetic deriva- 
tion of the genus superior to that appearing 
on page 156 of the book. Tan’s (1932) de- 
tailed analysis of Cyclolypeus is not men- 
tioned. The genus Nummulostegina is placed 
in two families, the Fusulinidae (p. 138) and 
the Camerinidae (p. 217). The statement on 
pp. 50-51 concerning the ‘‘charts showing 
the geologic distribution of the Ammodis- 
cidae, Valvulinidae, and Polymorphinidae”’ 
is only one-third correct. In most of the 
catalogue, the families and subfamilies are 
not given their author’s names. Vaughan 
and Cole incorrectly accredit themselves 
with the authorship of the family name 
Miogypsinidae; this name was introduced 
by Tan (1936) and used in proper Latin 
form by Thalmann (1939) and Ovey (Proc. 
Geol. Assoc. vol. 49 [1938] p. 167, footnote). 
Galloway (1933) has stated that the correct 
transliteration from the Greek is Actino- 
cyclina, not Aktinocyclina. Moore, in his 
review of the previous edition, called atten- 
tion to incorrect computations of magnifica- 
tions; many are still incorrect and no mag- 
nifications are given on plate 44 and else- 
where. For instance, key plate 1, figure 16, 
is from Brady (pl. 26, fig. 18), whose figure 
is of a specimen 0.86 mm. in diameter. Cush- 
man’s statement of magnification would 
make this same specimen 1.08 mm. in 
diameter. This would be a trivial matter if 
it were an isolated example and if state- 
ments of size were incorporated in the cata- 
logue. 

The study of the Foraminifera has now 
reached such a degree of specialization and 
complexity that it is impossible for any 
scientist, even the most gifted with abil- 
ity, time for research, and facilities, to 
master the entire field. Appreciative of this 
fact, readers of this book will respect Cush- 
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man for his courage in preparing this indis- 
pensable work and will join the reviewer in 
congratulating him for it. 

HuBErtT G. SCHENCK 


THE DEVONIAN OF PENNSYLVANIA: MIDDLE 
AND UppPER DEVONIAN by Bradford Wil- 
lard; KEYSER LIMESTONE AND HELDER- 
BERG Group by Frank M. Swartz; 
ORISKANY Group by Arthur B. Cleaves. 
Pennsylvania Geol. Survey, fourth series, 
Bull. G 19 (1939). 481 pp., 32 collotype 
plates, 95 text figs. 


With the publication of this long-needed 
volume by the Pennsylvania Geological 
Survey, a new era in official stratigraphy is 
opened. Stratigraphers will be grateful to 
the authors, and especially to the Common- 
wealth for having produced a useful, mod- 
ern report on the great Devonian sequence 
of Pennsylvania. The Devonian of Penn- 
sylvania and New York State is probably 
the best representation of the system in the 
country, and one of the best in the world. 
This work belatedly establishes the key im- 
portance of Pennsylvania in the solution of 
many fundamental Deyonian problems. 
Undoubtedly the three authors have the 
broadest grasp yet attained of the Lower 
and Middle Devonian history of the state. 

The volume synthesizes the results of 
much work under official subsidy which the 
authors have prosecuted over a little more 
than a decade. Apparently because of the 
more exhaustive treatment given the Lower 
Devonian in original publications and the 
more general availability of these works, 
the major attention in the present volume 
is focused on the less known and less com- 
pactly reported Middle Devonian. The dis- 
cussion of the Upper Devonian is somewhat 
cursory, and consequently the least satis- 
factory part of the report. Effort has been 
expended to keep the work within conven- 
ient bounds. Omissions and elisions result. 
Many problems remain unsolved. It is a 
report of progress rather than the definitive 
study of the system in Pennsylvania. 

To the small group of stratigraphers and 
paleontologists who during the last fifteen 
years have been engaged in a restudy of the 
Devonian history of the Penn- York Embay- 
ment, this compendium means victory for 
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the facieological concepts they have been 
urging on a reluctant official world. Here 
the state of Pennsylvania acknowledges the 
fundamental importance of facies studies 
and facies interpretations in unravelling 
the snarled stratigraphy of the Middle and 
Upper Devonian. Other surveys and espe- 
cially textbook compilers will do well to 
note that for the Penn-York Embayment 
the era of “parallelism of strata”’ is over. 
Willard’s work shows that Pennsylvania is 
one of the best places in the world for the 
study of facies phenomena. Beside this vic- 
tory, differences of opinion, interpretation, 
and even of reporting, between stratigra- 
phers and paleontologists who have studied 
the Devonian of Pennsylvania, are inconse- 
quential. As more facts accumulate these 
disparities and resulting nomenclatorial 
snarls will disappear. 

The usual telling charts, diagrams and 
half-tones of the Pennsylvania Survey re- 
ports are present. Poor reproduction unfor- 
tunately mars several of the half-tones. 
Facies maps and more formation maps 
would have been most welcome. The text 
shows evidence of careless editing; misspell- 
ings, repetitions and contradictions occur. 

An innovation of great significance is the 
inclusion of 32 collotype plates of fossils. 
Aside from the publication long ago of 
Lesley’s amazing Dictionary of Fossils, this 
is one of the first indications of paleozoologi- 
cal interest in the long history of Pennsyl- 
vania’s Surveys. The plates have been pre- 
pared as stratigraphic indices and are gen- 
erally useful in this capacity. Their greatest 
value is as documentary evidence of the ma- 
terials used in compiling the accompanying 
faunal lists and charts. They serve also as 
a sample check for the paleontologist to 
evaluate the generic and specific determina- 
tions on which so much of the Devonian 
stratigraphy of the state depends. Possibly 
it is significant that some of the illustrated 
specimens, which appear to be inadequate 
for determination, carry specific names.! 


1 Plate 23 is an example of unconsidered deter- 
minations. This plate of Middle and Upper De- 
vonian Pelecypoda illustrates 17 fossil fragments 
all of which carry generic and specific determina- 
tions on the plate description. Three of the spe- 
cific determinations carry question marks. This 
reviewer, after several years special study of 
Devonian Pelecypoda, would not venture generic 
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Much better material could have easily 
been obtained from several of the horizons, 
such as the Oriskany and Chemung. It is 
confusing to find fossils from many horizons 
intermingled on one plate, and no constant 
scale of enlargement used. Some of the ad- 
mixtures are misleading.? The photographs 
are occasionally inadequate; restorations 
and analytical lines are almost uniformly 
misleading. These critical remarks are not 
applicable to the Keyser and Helderberg 
plates, and Oriskanian ostracode illustra- 
tions, all of which are eminently satisfactory 
guides to the stratigraphy. The careful stu- 
dent of the volume will wish that ecological 
data had been given for the illustrated 
Middle and Upper Devonian faunas in view 
of the importance of facieology in this re- 
study. 

The merits and seeming defects of the 
text are so diffuse that a running critique 
seems to be the only satisfactory manner to 
fulfill the reviewer’s obligation. It so hap- 
pens that your critic has been concurrently 
engaged in some of the same Middle and 
especially Upper Devonian problems dealt 
with in the report. He is able, therefore, to 
appreciate the high merit of the work, and 
at the same time indicate places where cau- 
tion should possibly be exercised by the cas- 
ual reader. 

The chapter by Frank M. Swartz on the 


determination on more than six of the 17 frag- 
ments, and these might be determined specifi- 
cally with interrogation. Figure 4 is possibly not 
molluscan, and is incorrectly interpreted by ana- 
lytical lines; figures 6 and 7 are problematical; 
figure 8 is wrongly oriented and erroneously inter- 
preted; figure 14 is too fragmental for identifica- 
tion and shows a most curious reéntrant ana- 
lytical line at the base; figure 15 appears to be 
wrongly determined. Fortunately, most other 
plates appear to be far more carefully compiled 
andidentified than this one. 

2On Plate 22, which bears the label Middle 
and Upper Devonian Brachiopoda, we find 
figures 7, 8 and 9 given to fossils identified as 
Syringothyris texta (Hall) from what are termed 
“post Chemung”’ beds at Johnsonburg, Pa. This 
species is indicative of the Mississippian Keokuk 
or near equivalents and apparently has never 
been reported from the Devonian. The specimens 
illustrated, however, are apparently Syringo- 
thyris angulata Simpson from the well-known 
Knapp coquinite at Johnsonburg, of basal Mis- 
sissippian age. This plate also illustrates the con- 
fusion which results from variable magnifications. 


Keyser and Helderberg sequence is an excel- 
lent, albeit too brief, summary of the Penn- 
sylvania aspect of the basic work which he 
and C. K. Swartz have been carrying out in 
the Appalachian province for many years. 
Their conclusions and correlations are too 
well known to make review necessary here. 
The base of the Helderbergian is still an 
open question, and likewise the matter of 
Devonian or Silurian age of the Helder- 
bergian. It is likely that the work of the 
Swartzes will be the basic determinants 
when the matters are definitively reviewed. 
The correlation chart (fig. 17) which the 
Survey had prepared to accompany this 
chapter attempts to convey too many rela- 
tionships for one diagram and is conse- 
quently confusing. 

The Oriskany sandstone is discussed by 
Arthur B. Cleaves, whose work on this 
superficially well-known unit has been most 
fruitful. Again one wishes for fuller treat- 
ment, especially since we have no definitive 
work on the formation. Apparently the 
physical relations of the Oriskanian units 
are fairly well established, but the faunas 
are not well known, despite the large array 
of described forms whose names appear on 
useful faunal charts. A valuable regional 
survey of the occurrence of the Oriska- 
nian in eastern North America introduces 
Cleaves’ discussion. It is not the reviewer’s 
understanding of Dr. G. A. Cooper’s views 
on the age of the Camden chert of Tennessee 
that he would now consider it as of Oriska- 
nian age as Dr. Cleaves indicates (p. 95). 
It would be valuable to have Dr. Cleaves’ 
opinion on the systemic significance of the 
Oriskanian, especially in view of Dr. Wil- 
lard’s suggestion elsewhere in the volume 
that geologists should reéxamine the worth 
of the old idea that the Devonian system 
in America began both faunally and dia- 
strophically with that formation. It is 
possible that this chapter over-stresses the 
importance of Dr. Allen’s stimulating, but 
remote, literature analysis from New Zea- 
land of our Silurian-Devonian boundary 
problems in terms of the European section. 
The question might be raised, whether or 
not the present status of Devonian paleon- 
tology the world over warrants the conclu- 
sions Dr. Allen draws. 

The remainder of the volume summarizes 
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the works of Bradford Willard on the 
Middle and Upper Devonian of Pennsyl- 
vania. In presenting the first integrated 
picture of the Middle Devonian of the 
state Willard has made his greatest con- 
tribution. Most of the well-known strati- 
graphic units of New York State apparently 
have been traced into Pennsylvania, as 
much faunal data would indicate. The em- 
bayment environment of the Middle and 
Upper Devonian accumulation is brought 
out, and the more clastic aspects of the 
Pennsylvania development than of the best- 
known New York Devonian is patent. The 
presentation has been made with an en- 
deavor to keep the ecologic picture con- 
stantly in mind, and particular stress is 
laid from time to time on the place of each 
unit in the sedimentary cycle. 

The Onondagan stratigraphy of Pennsyl- 
vania was not clear before Willard’s work. 
Now the general bearing of the great lime 
and coralline series in New York State and 
the eastern interior region to the shoreward 
clastics of southern and eastern Pennsyl- 
vania is shown. The “‘stillstand’’ aspect of 
the Onondagan is stressed. One wishes more 
data had been presented to support the con- 
tention that the Esopus sequence, usually 
designated Oriskanian, belongs, as Willard 
says, with the Middle Devonian. Paleon- 
tologists will wish for fuller illustration of 
the critical ‘“Stroudsburgian”’ faunal ele- 
ments. 

The Hamilton group of Pennsylvania’ ap- 
pears to embrace equivalents of all of the 
well-known New York State Hamilton 
Units. State survey publications have tra- 
ditionally shown a weakness for local 
stratigraphic names, and in this respect the 
Middle Devonian section of the present vol- 
ume is as laggard as the usual run. Many 
new stratigraphic names have been pro- 
posed for the Middle Devonian formations 
in Pennsylvania, the basis for which the 
evidence in the report itself would seemingly 
repudiate. Devonian sedimentation con- 
tinued across state boundaries, and the 
major classification throughout the embay- 


3 In this report, Willard discontinues his usage 
of the term Hamilton group as essentially equiva- 
lent to Middle Devonian, and reverts to the more 
customary usage of the term. 
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ment area should be uniform.‘ The strati- 
graphic stickler will also object to the inter- 
changeable and seemingly ill-considered use 
of the terms group, stage, series, formation, 
and facies in the Middle and Upper Devo- 
nian section of the report. In several places 
the inseparably entwined physical and bio- 
logical aspects of a facies are lost sight of. 
Lithically dissimilar units are said to be 
“facial equivalents’’ because of similar 
faunas, and vice versa. The old familiar for- 
mational names, Ludlowville, Moscow, 
Skaneateles, etc., of the New York Hamil- 
ton sequence appear only as ‘‘facies’’ names 
in Pennsylvania. Since no one has yet given 
us a facies analysis of the New York Hamil- 
ton formations, and in view of the well- 
known facies change of each of the forma- 
tions from east to west across New York 
State, it is nearly meaningless to describe, 
say, a ‘‘ Moscow facies’”’ in one of the Penn- 
sylvania units. No one knows what a 
‘*Moscow facies’ is. In most instances the 
faunal lists offered would strongly suggest 
the coevality and formational continuity of 
the Pennsylvania and New York units. 
The chapter on the ‘‘Portage’’ (Senecan) 
of Pennsylvania clarifies the long-standing 
uncertainty concerning the equivalence of 
the so-called Portage beds of New York, 
Pennsylvania and Maryland. The tracing 
of the Tully limestone equivalents in Penn- 
sylvania has been basic work. Chadwick's 
clarification of the Portage-Chemung di- 
lemma in New York State is disregarded 
in working out a nomenclature for Pennsy]l- 
vania; revision will be necessary. Consider- 
able paleoclimatological emphasis is placed 
on problematica which are interpreted as 
‘ice markings” on the ‘‘Portage’’ strata of 
Pennsylvania. One wishes for fuller descrip- 
tion or illustration. If the Pennsylvania 
markings are similar to Clarke’s purported 


4 An example of what may prove to be dupli- 
cation of nomenclature is the Stroudsburgian 
“Stage”’ of this report. If Willard is correct in his 
conclusion that the Esopus sequence belongs 
with the Onondagan and therefore Middle De- 
vonian instead of with the Oriskany and there- 
fore Lower Devonian as most stratigraphers have 
hitherto supposed, then it would appear to have 
been clarifying to extend the Ulsterian down- 
ward to include the Esopus rather than propose 
still one more superstructural name. Willard 
usually refers to his Stroudsburgian as the 
“Onondaga group” in the text. 


ll 
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ice-markings from the ‘Portage’ of New 
York it is likely that other interpretations 
can be as readily entertained. The ‘‘Por- 
tage’’ discussion would have been more lucid 
if some system of facies nomenclature had 
been employed. 

The chapter dealing with the Chautau- 
quan ‘“‘stage’’ is one of the shortest and 
least documented in the volume. Time was 
not available, apparently, to make the 
same intimate examination of these upper 
strata as of the lower ones nearer to Harris- 
burg. To this lack of personal contact are 
attributable errors of fact, credit, quota- 
tion® and seemingly also of interpretation 
which occur in this section. The philosophy 
and conclusions are essentially those of the 
geologists of the Second Survey. While 
stressing the importance of the progres- 
sively southward and westward shift of the 
focus of origin of Upper Devonian sedi- 
ments in the embayment, Willard neglects, 
for reasons not given, the very real evidence 
of a continuing, albeit diminished, concom- 
itant eastern focus as well. Only by neglect- 
ing the eastern thickening and change of 
facies is it possible to carry the equivalents 
of the entire Chautauquan series onto the 
Pocono Plateau as he does. Data adequate 
to support the correlation are wanting. 

Dr. Willard still clings to Stevenson’s 
idea of a great unconformity in southwest- 
ern Pennsylvania, which proponents of the 
idea would have us believe cuts out much 
of the Chautauquan from that area. The 
facts available, both faunal and lithic, indi- 
cate that no such unconformity exists. 
Those facts are glossed over. In support of 
this hypothesis several factual misrepre- 
sentations occur, such as the reported 
thinning to zero of the red beds in the Cone- 
maugh gorge at Johnstown, and the state- 


*Though I. C. White made very great con- 
tributions to the stratigraphic knowledge of 
Pennsylvania through his work on the Second 
Survey, others, notably J. F. Carll, and F. A. 
Randall also made fundamental contributions 
which are not duly considered. The more recent 
work of Charles Butts, L. C. Glenn and G. H. 
Chadwick are likewise slighted. While your re- 
viewer receives generous credit, his work is gar- 
bled beyond recognition in the reporting. Sections 
attributed to the reviewer bear little resemblance 
to his; and he never proposed the strange curtail- 
ment of the Chautauquan attributed to him by 
Willard, nor apparently has anyone else. 


ment that red beds are absent from the 
Conewango of northwestern Pennsylvania. 

In establishing the early Chautauquan 
shore line across Pennsylvania the author 
has used the first appearance of Spirifer 
disjunctus in the section as a basic criterion. 
Ecologically this is a questionable proce- 
dure, since it is known that a geographically 
continuous ecological setting seldom, if 
ever, existed along the coast of the Upper 
Devonian sea. Several marine environments 
were notably deficient in the guide fossil 
chosen. Several large lobes and deep narrow 
bays are postulated for the coast line. These 
may be illusory results due to noncontem- 
poraneity of the first Spirifer disjunctus oc- 
currences on two sides of the postulated 
lobe. It would have been extremely interest- 
ing to have had illustrations of dwarf marine 
faunas which Willard reports from the deep 
bays. Despite the facieologically question- 
able procedure, Willard’s results may be 
utterly astute. More detailed evidence is 
needed, however. 

The presentation of the Catskill in Penn- 
sylvania is a worthwhile supplement to 
Barrell’s and Mencher’s picture of the 
“great delta beds.”’ Willard intended to use 
the term Catskill in the manner approved 
by custom, now long-standing, as a facies, 
i.e., magnafacies, rather than as a forma- 
tional unit. Nevertheless, to the reader’s 
confusion the term is occasionally used in 
the formational manner of the older reports. 
In several places the lack of a precise facies 
terminology leaves the reader fumbling.® 
Willard brings out, as has Mencher, that the 
red Catskill is apparently a coastal plain 
deposit, rather than a delta accumulation as 
reported of old. As Willard was able to bring 
out through his study of the Green Pond 
Mountain syncline of New Jersey there is 
a still more sourceward facies of the De- 
vonian than the Catskill, which is very 
similar in appearance to the ‘‘Pocono.”’ The 
Devonian or ‘“‘false Pocono”’ facies is recog- 


6 E.g., p. 259, in discussing the marine faunas 
sometimes found in the seaward subfacies of the 
Catskill magnafacies, Willard says: ‘‘Neverthe- 
less, marine incursions are found relatively high 
in the red beds, and here and there red shale 
itself may carry salt water invertebrates. These 
incursions recur intermittently, but are an in- 
nam means of dating the lower part of the 
acies.”’ 
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nized in the Honesdale sandstone of the 
Pocono Plateau. Apparently the ‘‘false 
Pocono”’ is ordinarily gradational down- 
ward into the Catskill in most areas of 
Pennsylvania. Considering the embayment 
scene of Upper Devonian-Catskill deposi- 
tion, it is strange that the possibility of the 
south-central Pennsylvania ‘‘Pocono” de- 
posits being Devonian in age similar to the 
“false Pocono’’ of Green Pond Mountain 
and Pocono Plateau is not seriously con- 
sidered. It is disconcerting also to find that 
while the Honesdale sandstone of the Pla- 
teau is recognized as a somewhat higher 
parvafacies of the ‘‘false Pocono”’ than the 
Green Pond Mountain occurrence, this up- 
ward and westward encroachment of the 
‘false Pocono’’ magnafacies virtually ceases 
for Willard with the Honesdale, and that 
facies and formation (synonymous now!) is 
identified as continuing for a great distance 
westward. Some recent students of the 
facies relationships in northern Pennsyl- 
vania have reported data which support the 
idea that the ‘false Pocono” facies con- 
tinues parvafacies after parvafacies on up- 
ward across the state through formations 
which fail by far, due to pre-Pottsville 
erosion, to reach the Pocono Plateau area. 
The recrudescence in this respect is not in 
keeping with the general progressiveness of 
the report. 

Willard restricts the type ‘‘Pocono”’ to 
the occurrence in the Moosic Mountains, 
i.e., by recognizing as false ‘‘Pocono’’ the 
Honesdale sandstone, which caps most of the 
Pocono Plateau and is demonstrably of De- 
vonian age. The ‘“‘true Pocono” he says is 
separated from underlying formations by a 
slight unconformity, which he correlates 
with the Knapp (Mississippian) Oswayo 
(Upper Devonian) unconformity in north- 
western Pennsylvania, thus dating the 
“‘true Pocono” as Mississippian in age. The 
lithic data on which this correlation was 
made are incompletely presented. No faunal 
data are available for this long correlation 
as yet. The age of the ‘‘true Pocono”’ is 
apparently an open question. That at least 
two ‘Poconos’ occur in the type area is 
amply demonstrated, however. More data 
seem to be needed to connect either with the 
extensive ‘‘supposed Pocono”’ elsewhere. 
An elementary discussion of methods 
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introduces the chapter on correlation. It is 
well to note the large part paleontology has 
played in Devonian stratigraphic work. 
Most of the earlier errors were due to neglect 
of fossil evidence. Not all ecologically- 
minded stratigraphers will agree with the 
key idea of this chapter, however (p. 308): 
“There is but one way to correlate: that is 
actually to trace a particular bed or group 
of beds from a given locality to another.” 
It was this procedure which led to the erro- 
neous ideas of Devonian correlation by the 
‘parallelism of strata’’ school. By so doing, 
lithology is relied on, facies are interpreted 
as formations, and we are back where we 
started. A great many detailed sections 
about the State make this one of the most 
valuable chapters of the report. Many more 
would be most welcome, especially along the 
northern counties and the Allegheny Front. 

In the chapter on geologic history, Dr. 
Willard lays stress on the importance of the 
sedimentary cycle in a genetic classification 
of rocks into systems. He brings out the 
sedimentary alignment of the Helderbergian 
sequence of Pennsylvania with the Silurian 
cycle, and stresses the commencement of the 
Devonian cycle with the Oriskanian. His 
analysis of facies relationships in the em- 
bayment are generalized but reasonably 
clear, considering the double use (forma- 
tional and facieological) he gives mdst geo- 
graphic names. 

A brief discussion of Devonian orogeny 
and its bearing on the sedimentary history 
of the embayment is very lucid, but may 
leave some queries in the mind of the reader. 
Why, for example, if the supposed Missis- 
sippian Pocono, i.e., ‘true Pocono,” de- 
posits represent the sediments riven from 
the fresh core of the mountains of Appa- 
lachia after their last spasm of the Acadian 
uplift, do we find that instead of the great 
off-lap condition we might expect, that in 
reality we get an on-lap condition of the 
undoubted basal Mississippian wherever it 
has been studied in Pennsylvania? Willard’s 
ideas of Catskill origin appear to be a satis- 
factory fusion of the ideas of Barrell and 
Raymond, which should be read in conjunc- 
tion with Mencher’s recent analysis of the 
Catskill in New York state. 

The stratigraphic text closes with a philo- 
sophical epilogue in which the author pleads 
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for more uniformitarianism as against what 
he feels is far too much catastrophist senti- 
ment still abroad. It is refreshing to find 
Dr. Willard critical of much nonsense which 
has been written promulgating ideas of 
‘world-wide revolution’ at various times 
in the geologic past, especially between 
periods. There is good sense in his objection 
to the time-honored division of the De- 
vonian into a threefold system. As he says, 
both stratigraphic and faunal evidence 
point to the reality of only two phases, on- 
lap and off-lap. These are punctuated from 
place to place by faunal augmentations and 
losses and occasional recurrent ‘‘still- 
stands,”’ but these do not appear to be of 
major import. Dr. Willard is opposed to 
such terms as group, formation, and member 
(although he uses them), for he says they 
imply a tendency to ‘“‘map time not rocks” 
(sic). He seems to feel the need of taking a 
stand on facies versus formations, but 
wavers apparently in his devotion. He urges 
stratigraphers (p. 379) to make mappable 
facies, not formations, their concern. Should 
they do this, and the exhortation prevail, 
then most of the Second Survey work on the 
Devonian would be quite satisfactory. The 
recent Devonian hullabaloo supposedly 
arose from the unsatisfactory nature of that 
work. Most stratigraphers will agree with 
Dr. Willard’s somewhat contradictory clos- 
ing epizeuxis, however: “I look forward to 
the day when our stratigraphically trained 
geologists will map sedimentary facies as 
freely and truly as their co-workers, the 
specialists in igneous and metamorphic phe- 
nomena, delineate the multitudinous rami- 
fications of the rocks in their chosen prov- 
inces.”” The stratigraphic geologist is still 
engaged in historical studies, however, and 
must be eternally concerned with time and 
the coeval records of past time. He needs to 
beable to map and discuss both formations 
and facies in order to fulfill his historic pur- 
pose. The present work succeeds eminently 
when it adheres to this double obligation. 
KENNETH E. CASTER 


STUDY OF THE PSEUDORTHOCERATIDAE. 
Rousseau H. Flower, Palaeontographica 
Americana, vol. 2, no. 10, pp. 1-214, pls. 
1-9, 1939. 


This report is concerned chiefly with an 


outline of the occurrence of internal shell 
structures in simple Middle and Late 
Paleozoic cyrtochoanitic nautiloids and a 
taxonomic application of the results. Al- 
though the nature of the siphuncle has long 
been employed as a fundamental character 
in the straight (or slightly curved) cephalo- 
pods, other internal structures such as 
cameral and siphonal deposits have often 
been regarded as having little or no taxo- 
nomic value. In this study, the author dem- 
onstrates that internal deposits of several 
distinct types are common in the Devonian 
and Carboniferous orthocones, and he con- 
cludes that the various types may be used 
in classification. 

The first of the four parts of which the 
report consists is devoted to the morphology 
of the pseudorthoceratid shell. It includes 
discussions of the siphuncle and of the or- 
ganic deposits found in the phragmacone. 
Also, attention is called to the occurrence of 
longitudinal furrows on the inside of the 
test, and their significance in orienting 
nautiloids is emphasized. The second part of 
the study, much of which is highly theoreti- 
cal, consists of a discussion of the manner in 
which the various shell elements were se- 
creted. The author believes that the de- 
posits within the camerae served as ballast; 
they were secreted by individual cameral 
mantles, which may have been confined to 
closely related forms with this particular 
type of calcareous structure. The major 
portion of the monograph is included in the 
third part, the systematic paleontology. The 
Pseudorthoceratidae are divided into 18 
genera, which are grouped into three sub- 
families, the Pseudorthoceratinae, the Dol- 
orthoceratinae, and the Cayutoceratinae— 
all three of the subfamilies and 10 of the 
genera are new. The phylogeny of the family 
is discussed in the final part of the volume. 
It is held that the Pseudorthoceratidae 
evolved from orthochoanitic annulosipho- 
nate nautiloids shortly before the beginning 
of the Devonian and continued until near 
the close of the Paleozoic. The preponder- 
ance of Devonian over Carboniferous spe- 
cies noted by the author is perhaps to be 
explained by the fact that the collections 
available to him came largely from the 
lower horizon. 

The nine quarto plates that accompany 
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this volume consist of collotype reproduc- 
tions of photographs. The pictures, many of 
which are of sections, are much more than 
ordinarily satisfactory. Also, there are a 
number of diagrammatic figures and tables 
in the text which are quite helpful. This re- 
port is by far the most comprehensive work 
on the subject that has been published, and 
it is also the best of the several major con- 
tributions by the author. 
A. K. MILLER AND W. M. FuRNISH 


ILLUSTRATED CARD CATALOGUE OF NORTH 
AMERICAN DEVONIAN INVERTEBRATES, 
FirtH Unit, GRAPTOLITHINA, compiled by 
Rudolf Ruedemann: Wagner Free Insti- 
tute of Science, Montgomery Avenue and 
Seventeenth Street, Philadelphia, Pa.; 
13 cards with a total of 39 figures. $0.60, 
plus about $0.25 for packing and postage. 


Copies of the original descriptions and of 
figures of the type specimens are included 
on the cards. Ruedemann, in his character- 
istic terse and adequate manner, has com- 
piled the information on this interesting 
group of Devonian graptolites. His ‘‘obser- 
vations”’ in regard to species are particularly 
apt and illuminating. Though the cards 
carry the names of five genera and 13 spe- 
cies, the number of graptolites has been re- 
duced to four genera and 12 species through 
his recent restudy of the type material on 
which Monograptus beecheri was based. Bul- 
man had suggested that this form was not 
a graptolite, and Ruedemann’s study of the 
type material has shown that the fragments, 
instead of being a graptolite, are parts of 
the spinose margin of a trilobite cephalon. 
After discarding this one genus and species, 
the four genera and 12 species of Devonian 
graptolites are as follows: 

1. Chaunograptus gracilis Clarke 
2. Desmograptus becraftensis Ruedemann 
3. Desmograptus vandelooi Ruedemann 
4. Dictyonema cadens Hall 
5. Dictyonema crassum Girty 
6. Dictyonema fenestratum Hall 
7. Dictyonema hamiltoniae 
8. Dictyonema leroyense Gurley 
9. Dictyonema megadictyon Gurley 
10. Dictyonema perradiatum Gurley 
11. Dictyonema splendens Billings 
12. Ptiograptus percorrugatus Ruedemann 


Of the four genera listed above, the first 
may be rather sparsely branched, and the 


other three are highly branched dendroid 
forms. As the dendroid forms were domi- 
nant in the early appearance of graptolites 
in the Cambrian, and as they had marked 
development together with other forms in 
the Ordovician and Silurian, it is interesting 
to note that these dendroid types are the 
only forms known to have lived through 
into the Devonian. As to location, species 
1, 10, and 11 came from Canada, 6 from 
Mackinac, 12 from Kentucky, and the other 
seven species from New York. 

While commenting on the very few grap- 
tolites of the Devonian, it may be stated 
that the writer is preparing a paper on three 
species found recently in the Haragan 
(Lower Devonian) of Oklahoma. 

CHARLES E. DECKER 


CAMBRIAN MEROSTOMATA, by Gilbert O. 
Raasch. Geol. Society of America, Special 
Paper No. 19, July, 1939. 


Until recently the enigmatic aglaspids 
were rare fossils of doubtful relationships. 
Skillful collecting, preparation, and study 
by Raasch has brought them to the position 
of an order, with two families, 10 genera, and 
21 species. The order, one family, seven 
genera, and 15 of the species are new. All 
but one of the species are from the Upper 
Cambrian; they reach their acme in the Lodi 
member of the Trempealeau. 

The most important discovery is that of 
a few specimens with part of the append- 
ages. The cephalothorax bears six pairs of 
uniramous legs, the first chelicerate, thence 
there can be no question but that these ani- 
mals are arachnids, the oldest now known. 

The trunk consists of 12 articulated seg- 
ments, the last of which bearsa spine, which 
evidently functioned as a telson. Since the 
eurypterids and scorpions have 12 segments 
plus a telson, this raises a question as to the 
true segmentation in the aglaspids, which 
can only be decided by finding the location 
of the anus. If it is beneath the transverse 
anterior portion of the last segment, then 
the telson may have originated by the ulti- 
mate freeing of the posterior spine. If, how- 
ever, the anus were beneath the penultimate 
segment, then these animals had a true 
telson, but only 11 trunk segments. This 
latter interpretation, on the present evi- 
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dence, seems to the reviewer the most 
probable. The limuloids of the Paleozoic 
have surprisingly few segments, and dis- 
appearance by coalescence at the posterior 
end may have begun as early as the Cam- 
brian. Raasch, in fact, believes that the 
telson had been fused to the twelfth seg- 
ment. 

Raasch believes the Aglaspida to have 
been more nearly allied to the Eurypterida 
than to any other arachnids, and _inci- 
dentally, removes Strabops, the only sup- 
posed Cambrian eurypterid, to the new 
order. He has, however, introduced a new 
difficulty into the task of relating the 
Aglaspida to any other group by finding 
walking legs like those of the cephalothorax 
under the first six segments of the trunk of 
Aglaspis spinifer. Since the gills of Eury- 
pterida and Xiphosura are generally sup- 
posed to be modified exopodites, an un- 
supported but fair inference would be that 
the aglaspid body retained some biramous 
appendages. 

Raasch’s paper contains much informa- 
tion not only on the description of the fos- 
sils, but on morphology, phylogeny, strati- 
graphic position, and, in fact, general stratig- 
raphy of the Upper Cambrian. It is a model 
for monographs of this sort. 

Percy E. RAYMOND 


St. CROIXAN CLASSIFICATION IN MINNE- 
soTa, by C. R. Stauffer, G. M. Schwartz, 
and G. A. Theil. 17 pp. 2 charts, Geo- 
logical Society of America, Bull., vol. 50, 
pp. 1227-1244, 1939, August. 


“This paper is presented in an effort to 
relate the classification of the St. Croixan 
series that has been inherited by the present 
Minnesota Geological Survey to those now 
used elsewhere and especially to adjust it 
to that commonly called the Conference 
Classification (Bridge, 1937, p. 234).”’ This 
opening sentence of the above paper is a 
clear expression of the authors’ objectives. 
The reviewer will attempt to evaluate, with 
the maximum objectivity which his close 
association with the St. Croixan problem 
will permit, the extent to which these aims 
were achieved and will attempt to separate 
those points of disagreement which are pri- 
marily a matter of personal taste and those 
which seem to violate established facts. 


In making a critical evaluation of any 
proposed local stratigraphic column, the 
first essential is to find a proper ‘‘yardstick”’ 
as a standard for comparison. The Minne- 
sota writers have themselves selected the 
“Conference Classification’’ of Bridge 
(1937) for that purpose. In his paper on 
Cambrian Merostomata (Geol. Soc. America, 
Special Paper 19, 1939), the reviewer has 
published a more recent column for the 
Upper Mississippi Valley, which differs from 
the ‘Conference Classification’”’ on a few 
minor points and contributes considerably 
greater detail. Since the date of this last 
publication, the Cambrian Subcommittee of 
the National Research Council has con- 
tinued its studies and conferences. Since the 
Minnesota classification is in some particu- 
lars preferable to the ‘‘Conference Classifi- 
cation’”’ and vice versa, the writer will at- 
tempt, rather, a joint critical comparison of 
the two, as juxtaposed by the Minnesota 
writers on page 1238. Beginning at the base 
of the succession the following comments 
seem in order. 

1. Regarding the Cedaria zone.—The Ce- 
daria zone is omitted from the Minnesota 
section but should be included, as the zone 
is exposed in northern Chisago County 
where Atwater and Clement collected 
Obolus namouna (Walcott) in abundance. 

2. Regarding the position of the Galesville 
member.—It is now apparent that the Gales- 
ville in Minnesota is the lateral equivalent 
of the Aphelaspis zone. The Galesville is a 
lateral, barren sand facies of the marine, 
silty, fossiliferous sandstone to which the 
term Eau Claire is applied. In the strictest 
sense, the Galesville is a lateral phase rather 
than a horizontal stratigraphic unit. This 
opinion is the result of recently acquired 
evidence, subsequent to the preparation of 
both the Minnesota and the Conference 
columns. 

3. The Taylor Falls-Goodenough discrep- 
ancy.—This particular point is clearly a 
matter of taste. The Minnesota writers sub- 
stitute the term Taylors Falls for Good- 
enough on the basis that at the type locality 
of the latter the section “is now overgrown 
and very poorly exposed.” The problem of 
disappearing type localities is a constant 
irritation, but the policy of changing the 
names of stratigraphic units on that ac- 
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count, if persistently carried out, would 
have chaotic consequence. A further objec- 
tion is that at Taylors Falls an abnormal 
shore phase of this unit is represented, and 
the upper contact is not apparent. The fau- 
nal designate Conaspis as employed by the 
Minnesota writers is preferred by the 
writer to the terms Eoorthis-Billingsella of 
the Conference Classification. 

4. Trempealeau-Jordan-St. Lawrence dis- 
crepancies.—In accordance with the present 
writer’s criteria for distinguishing forma- 
tions and members (Kansas Geol. Soc., Ninth 
Ann. Guidebook, 1935, p. 303), he is com- 
pelled to regard the Madison as a distinct 
formation rather than a member (in contra- 
distinction to the ‘‘Conference”’ and to the 
Minnesota writers), and to regard the Trem- 
pealeau as one formation (in agreement with 
the ‘‘Conference”’) and not as two (as 
proposed by the Minnesota writers). These 
mutual discrepancies arise as a result of 
individual policy and all can be accom- 
modated within the scope of the observed 
facts. The base of the Jordan in Minnesota 
is at all points a distinct stratigraphic break, 
marked above by a conglomerate and a dis- 
tinct fauna. Eastward, in central Wisconsin, 
the basal Jordan break is not apparent, and 
for that reason and in line with his defined 
criteria, the writer regarded the separation 
as of member rather than of formational 
value. 

In the matter of the Madison, the Minne- 
sota writers themselves are not consistent, 
since on page 1228 they correlate the Madi- 
son of other writers with a part of the Van 
Oser (a distinct violation of the facts) while 
on page 1238 they suggest that the Madison 
is absent. This unit is not absent but over- 
lies the Van Oser division of the Jordan in 
the southeastern part of the Minnesota and 
pinches out northwestward. 

With respect to the use of the term St. 
Lawrence, there seems to be precedence for 
a deplorably varied range of application. On 
the basis both of (1) current usage by the 
adjoining States’ Surveys, the Federal Sur- 
vey, and the Cambrian Subcommittee and 
of (2) strict application to the beds actually 
occurring at the type locality (St. Lawrence, 
Minnesota), the writer emphatically prefers 
to follow the ‘‘Conference Classification,” 
which restricts the term St. Lawrence to the 
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beds and faunas constituting the basal fauna 
of the Trempealeau beneath the Lodi 
Dikelocephalus fauna. The coining of a new 
term, Nicollet Creek, and the establishing 
of another type locality for this basal Trem- 
pealeau unit cannot but add seriously to the 
existing confusion of terms and definitions, 
and such confusion is seriously abetted by 
the proposed use of the term St. Lawrence 
in a different sense from that now currently 
established. It would have been more satis- 
factory if the Minnesota geologists, as a 
consequence of their policy of regarding the 
Trempealeau succession as two rather than 
a single formation, had coined the new term 
for the formation, leaving the sequence of 
member names undisturbed. 

With respect to the faunal terminology 
within the Trempealeau, the writer does not 
feel that either the Minnesota or the ‘‘Con- 
ference Classification” is completely satis- 
factory, nor is any that the writer might, 
in the present state of knowledge, propose. 

5. Regarding the Cambrian-Keweenawan 
boundary.—An extremely interesting asser- 
tion by the writers to the effect that ‘‘Re- 
cent work indicates that the Hinckley sand- 
stone is undoubtedly the equivalent of the 
Devils Island sandstone of Wisconsin’’ is 
particularly gratifying as bearing out a long- 
standing suspicion of the writer. This brings 
the Bayfield group into regional proximity 
with the St. Croixan, and the writers give 
no evidence (but only the bald statement) 
of unconformability of Mt. Simon and 
Hinckley. Similarly there is no published 
evidence to show that the Devils Island is 
not the top of the Bayfield group. Thus, it 
is possible to suggest a descending succes- 
sion as follows: Mt. Simon—Hinckley 
(Devils Island)—Chequamagon (Orienta). 
On the other hand, the Bayfield-Oronto 
break seems to be extremely prominent and 
it is the present opinion of the writer that 
this is the most desirable level at which to 
draw the Cambrian-Keweenawan bound- 
ary. 

While it is necessary and natural to em- 
phasize and to evaluate differences, the 
Minnesota article is in fact more remark- 
able for the extent to which it brings the 
local section into general agreement with 
the regional and national sections. It is im- 
portant to note that the Minnesota writers 
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recognize almost exactly the same succes- 
sion of units and of faunas as does Bridge, 
the ‘‘Conference,’’ and most recent writers. 
The disparities are mainly with respect to 
terminology, and most of these can be ac- 
commodated with the column shortly to be 
issued by the Cambrian Subcommittee. In 
final summary, this writer feels that the 
only serious points of issue are the different 
application of the term St. Lawrence and 
the lack of recognition of a series of beds 
(Madison formation or member) between 
the Van Oser Jordan and the Ordovician 
base. 
GILBERT O. RAASCH 


O. C. MarsH, PIONEER IN PALEONTOLOGY, 
by Charles Schuchert and Clara M. Le 
Vene. 541 pp., 30 pls., 33 figs. Cloth. Price 
$5.00. Yale University Press, New Haven, 
Connecticut (1940). 


The present work is the 26th published 
by the Yale University Press through the 
financial assistance of the Philip Hamilton 
McMillan Memorial. Paleontologists and 
geologists in general are thus indebted not 
only to the authors and to Yale University, 
but to the donor of this Fund for making 
available a memoir which should, but prob- 
ably will not, have wide circulation among 
all laymen even remotely interested in sci- 
ence; a publication, therefore, which few 
commercial presses would have cared to 
issue, for realistically appraised, the hopes 
of receiving a financial return commensurate 
with the publication expenses unfortunately 
are not great. 

The story of Marsh is really the tale of the 
growth of the importance of science in 
American universities. It is an account of 
the circumstances which led to his appoint- 
ment as the first professor of vertebrate 
paleontology in this country. It is a saga of 
the 70’s and 80's of the past century, the 
rip-roaring time in American paleontology 
when Professor Marsh was startling even 
the unimpressionable scientific world with 
his incredible discoveries of all sorts of 
bizarre fossil animals, such as ancestral 
midget mammals, birds with teeth, flying 
dragons, and above all, so far as public inter- 
est was and is concerned, gigantic dinosaurs. 
It is a revealing document of Marsh’s life- 
long feuds with Cope and many others. Thus 


when the authors tell the story of the “‘wild 
and wooly west,” during the famous 1874 
expedition into the Black Hills, they do not 
fail to record Marsh’s promises to the great 
Sioux chief, Red Cloud, which led to a house- 
cleaning in the Interior Department and the 
Indian Bureau, or neglect to mention the 
reorganization of the United States Geologi- 
cal Survey and of the fight in Congress 
against Director Powell and his conserva- 
tion policy, as a result of which Marsh was 
dropped from the Survey. Nor do the biog- 
raphers play down Marsh’s spending more 
than a half million dollars (bequeathed him 
by his philanthropist uncle, George Pea- 
body) in the attempt, almost solely, one 
gathers, to get ahead of his scientific com- 
petitors. 

Thus here is a candid story which, as Pro- 
fessor Schuchert states in a letter to a num- 
ber of his colleagues, frankly relates Marsh’s 
tangled relations with most of his competi- 
tors and with his staff. In fact, although 
the biography is sympathetically written, 
Marsh, the man, is presented with such ob- 
jectivity by one who followed him on the 
Yale staff that not much is added to a sta- 
ture never considered very great, at least 
from the personal point of view. Neverthe- 
less, Marsh is correctly portrayed as a 
dominant man among many strong men in 
the fields of paleontology and geology. More- 
over for twelve long years as the president 
of the National Academy of Sciences Marsh, 
in a sense at least, stands out as the leader 
of all the scientific forces in the New World. 

This book, as well as several others, is the 
result of a labor of love on the part of Pro- 
fessor Schuchert and his able collaborator, 
Miss Le Vene. The preparation has involved 
many years of work and the sort of docu- 
mentation which is ordinarily allotted only 
to a scientific monograph, for it explores all 
facets of Marsh’s many-sided character. 
Thus it considers well his ancestry, his boy- 
hood, his education, his rich achievements, 
and his appalling weaknesses. The very first 
sentence is typically revealing—‘‘Othniel 
Charles Marsh had all the physical, mental, 
and monetary equipment for a successful 
career.”” One gets the feeling that Marsh, 
with all of his rich endowment, would have 
been a pretty poor specimen indeed if he 
had not made a success of his life. The im- 
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pression is equally strong that although he 
might have wrought better, he might well 
have been merely a rich man’s nephew. 

As an example of one of the many advan- 
tages which Marsh enjoyed, Schuchert and 
Le Vene dispassionately point out that in 
his competition with Cope their subject was 
especially fortunate in regard to his publica- 
tion medium, since the American Journal of 
Science’s pages were always open to him. 
Therefore Marsh was able to rush his dis- 
coveries into print without more than a few 
weeks delay. During the four decades cov- 
ered by his work, the Journal published 204 
of his papers with a total of approximately 
a thousand pages. In the year 1872 when the 
race with Cope for priority was really hot, 
Marsh had seven papers in the October 
number of the Journal alone. The authors 
mildly explain what was once a seething 
issue as follows: ‘‘Marsh’s habit of doing 
things at the last possible moment gave the 
editors and printers of the Journal many 
moments of exasperation. This resulted in 
an arrangement whereby his papers could 


appear as an appendix, and thus not dis- 
turb the make-up of the rest of the issue.” 

Schuchert and Le Vene assert that al- 
though ‘‘ Marsh has been charged with being 
an unscrupulous pirate in matters paleon- 
tological—there is abundant evidence in let- 
ters at Yale to show that such methods were 
not confined to either party.”’ This is pos- 
sibly a more middle-of-the-road statement 
regarding the Marsh-Cope cause célébre and 
the ‘‘unparalleled public washing of dirty 
paleontological linen”’ than can be found in 
H. F. Osborn’s “Cope: Master Naturalist”’ 
or in W. B. Scott’s ‘‘Memoirs of a Paleon- 
tologist.’’ Nevertheless all those who are 
interested in the history of geology and 
paleontology should read those two volumes 
along with the present one if they wish to 
arrive at an undistorted picture of one of 
the most interesting periods in the history of 
science, and certainly the most explosive 
(and, paradoxically, probably the most 
profitable) in the long evolution of paleon- 
tologic thought. 

CaREY CRONEIS, Chicago, Illinois 


DECORAH OSTRACODA, CORRECTION 


G. MARSHALL KAY 
Columbia University, New York, N. Y. 


Attention is directed to significant errors 
in the paper on “Ordovician Mohawkian 
Ostracoda: Lower Trenton Decorah Fauna,” 
published in the Journal, vol. 14, No. 3, pp. 
234-269, May, 1940. In the table on pages 
236 and 237, the line separating the words 
“Guttenberg” and ‘‘Ion” should be alined 
with one separating columns 4 and 5 below; 
localities 5 to 8 are in the Ion member, not 
in the Guttenberg as the table implies. The 
ages of the collections are correctly stated 
in the locality list on page 235, but locality 
6 is near Ellsworth, Wisconsin, not Minne- 
sota, as printed in the list and the following 
table. 

H. N. Coryell has directed attention to 
the erroneous genotype designations of 
Eridoconcha Ulrich and Bassler, 1923, which 
should be E. rugosa Ulrich and Bassler, 
1923, Maryland Geol. Survey, Silurian, p. 


296, fig. 14 (fig. 9). (Maysville, Cincinnati, 
Ohio); and of Conchoprimitia Opik, 1935, 
which should be C. gammae Opik, 1935, 
Nat. Soc. Tartu Univ. Annals, vol. 42, p. 4, 
pl. 1, figs. 3a-c. (Megalaspis limestone, 
Hundikuristik, Estonia). 

The generic name Saccelatia is misspelled 
on page 242. 


NOTICE 


The 32nd biennial edition of the Natural- 
ist’s Directory was published in Septem- 
ber. This Directory comprises the names, 
addresses and special subjects of interest 
of naturalists in all parts of North and 
South America as well as a list of Scientific 
Periodicals and Natural History Museums. 
The price is $2.50. The book is published by 
the Naturalist’s Directory, Salem, Mass. 
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Abrasive: Thin-sectioning (24). 

Actinoceras: Morphology (8). 

Actinoceroidea: Devonian (9). 

Advena: Mollusk Anevda (33). 

Alabama: Eocene brachiopods (54). 

Alberta: Cretaceous toothless bird (44); Ceratopsidae (45). 
Alsatopsis bakeri: Ordovician trilobite (56). 

Ammonoids: Sutures (12); Carboniferous (28) (29); Cretaceous paleoecology (36). 
Anevda: Mollusk Advena (33). 

Aparchites canadensis: Ontario Devonian ostracode (11). 
Arabellites: Devonian Polychaeta (42). 

Arbuckle Mountains: Ordovician trilobite Isotelus gigas (23) 
Aturia: Java Miocene cephalopod (6). 

Australia: Permian Helicoprion (52). 

Beavers: North American (32). 

Bifds: Java Pleistocene (60); Alberta cretaceous (44). 

Blastoceras: Blastocerina: (10). 

Blastocerina: Blastoceras (10). 

Blastoidea: Pelmatozoa (5). 

Blastoids: Carboniferous (30). 

Bonneterre fauna: Missouri Upper Cambrian (21). 

Borden: Indiana Mississippian crinoid Lebetocrinus (20). 
Brachiopods: Alabama Eocene (54). 

Brachyuran: Pleistocene Libinia dubia (7). 

Brevaxina: Permian Fusulinid (35). 

California: Later Tertiary Foraminifera (31); Cretaceous mollusks (34). 
Cambrian fauna: Missouri Bonneterre (21); Van Oser (41). 
Cantharus: C. bentsonae, C. cowlitzensis (57). 

Carboniferous: Ammonoids (28) (29); microcrinoids, blastoids (30). 
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Cephalopods: China Upper Paleozoic (3); Aturia, Java Miocene (6). 

Ceratopsidae: Alberta (45). 

Chickasawhay marl: Tertiary mollusks (26). 

China: Upper Paleozoic, cephalopods (3). 

Claiborne: Mississippi Foraminifera (14). 

Conodonts: Minnesota Devonian (43). 

Corals: lowa Devonian Prismatophylum (40); Nevada limestone, Devonian (48). 

Costa Rica: Cypraeas (17). ; 

Cretaceous: California mollusks (34); ammonoid paleoecology (36); Alberta toothless bird (44); 
Dinosaur, Hypsilophodontidae (46). ; 

Crinoids: Indiana Mississippian Lebetocrinus (20); Mississippian Eupachycrinus (SO). 

Cypraeas: Costa Rica (17). 

Cystoid: Oklahoma Ordovician (2). 

Decorah fauna: Ordovician (18). ’ 

Devonian: Radiolarian (Texas (1); Actinoceroidea (9); Ontario ostracode A parchites canadensis (11); 
lowa Prismatophyllum (40); Minnesota conodonts (43); Polychaeta Arabellites (42); Nevada 
limestone corals (48); Sphaerospongia, sponge (59). 

Eocene: Alabama brachiopods (54). 

Eupachycrinus: Mississippian crinoids (50). 

Euphemites: Texas Pennsylvanian gastropod (19). 

Florida: Pliocene mollusks (47). 

Florissant: Miocene Lygaeidae (Hemiptera) (58). antes 

Foraminifera: Mississippi, Claiborne (14); Mississippi Lituola (27); Later Tertiary, California (31); 
Texas Tertiary, Grayson (51). 

Fusulinids: Permian Misellina, Brevaxina (35). 

Gastropod: Texas Pennsylvanian Euphemites (19). 

Grayson formation: Texas Tertiary Foraminifera (51). 

Haiti: Miocene microfauna (4). 

Helicoprion: Australia Permian (52). 

Hypsilophodontidae: Cretaceous dinosaur (45). 

Index fossils: North America (37). 

Indiana: Mississippian crinoid Lebetocrinus (20). 

Iowa: Devonian coral: Prismatophyllum (40). 

Isotelus gigas: Oklahoma Ordovician trilobite (23). 

Java: Miocene cephalopod Aturia (6); Pleistocene birds (60). 

Jurassic: Mexico, pelecypods (16). 

Lebetocrinus: Indiana Mississippian crinoid (20). 

Libinia dubia: Pleistocene (7). 

Lituola: Mississippi Foraminifera (27). 

‘Lucite’: Paleontologi:al technique (38). 

Lygaeidae (Hemiptera): Miocene Florissant (58). 

Mexico: Jurassic pelecypods (16). 

Microcrinoids: Carboniferous (30). 

Microfauna: Haiti Miocene (4). 

Microstratigraphy: Quantitative data (55). 

Minnesota: Devonian conodonts (43). . 

Miocene: Haiti microfauna (4); Java cephalopod Aturia (6); Florissant Lygaeidae (Hemiptera) (58). 

Misellina: Permian Fusulinid (35). 

Mississippi: Claiborne Foraminifera (14); Foraminifera Lituola (27). t. 

—— crinoid Lebetocrinus (20); North America, Ostracoda (39); crinoid Eupachy- 
crinus (50). 

Missouri: Upper Cambrian Bonneterre fauna (21). 

Moliusks: Chickasawhay marl Tertiary (26); Advena, Anevda (33); California Cretaceous (34); Florida 
Pliocene (47). 

Morphology: Actinoceras (8). 

Nautiloid: Nomenclature (53). 

Nevada Limestone: Devonian corals (48). 

New Mexico: Permian fauna (15). 

Noetinae: Tertiary pelecypod (25). 

Nomenclature: Nautiloid (53). 

North America: Beavers (32); index fossils (37); Mississippian Ostracoda (39). 

Nucula camia: Pelecypod (13). 

Oklahoma: Ordovician cystoid (2); Ordovician trilobite Isotelus gigas (23). 

Ontario: Devonian ostracode A parchites canadensis (11). en ' 
Ordovician: Oklahoma cystoid (2); Decorah fauna (18); Oklahoma trilobite Jsotelus gigas (23). 
Trilobite Alsataspis bakeri (56). 
— Ontario Devonian, A parchites canadensis (11), North America Mississippian (39); Weches 

49). 
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Paleoecology: Cretaceous ammonoids (36). 

Paleontological technique: ‘‘Lucite’’ (38). 

Pelecypods: Nucula camia (13); Mexico Jurassic (16); Tertiary Noetinae (25). 

Pelmatozoa: Blastoidea (5). 

Pennsylvanian: Texas gastropod Euphemites (19). 

Permian: Fusulinid Misellina, Brevaxina (35); Australia Helicoprion (52). 

Permian fauna: West Texas, New Mexico (15). 

Pleistocene: Libinia dubia, brachyuran (7); Java birds (60). 

Plesiosaur classification: (61). 

Plesiosaurus longirostris: (61). 

Pliocene: Florida mollusks (47). 

Polychaeta: Devonian Arabellites (42). 

Prismatophyllum: lowa Devonian coral (40). 

Quantitative data: Microstratigraphy (55). 

Radiolaria: Texas Devonian (1). 

Sphaerospongia: Tully formation, Devonian (59). 

Sponge: Sphaerospongia, Tully formation (59). 

Tertiary: Pelecypod Noetinae (25); Chickasawhay marl mollusks (26); California Foraminifera, Later 
Tertiary (31); Texas Grayson Foraminifera (51). 

Texas: Devonian Radiolaria (1); Permian Fauna New Mexico (15); Pennsylvanian gastropod Eu- 
phemites (19); Tertiary Grayson Foraminifera (51). 

Thescelosaurus edmontonensis: Cretaceous dinosaur (46). 

Thin-sectioning: Abrasive (24). 

Toothless bird: Alberta Cretaceous (44). 

Trilobite: Oklahoma Ordovician Isotelus gigas (23); Ordovician Alsataspis bakeri (56). 

Tully formation: Sphaerospongia (59). 

Upper Paleozoic: China cephalopods (3). 

Van Oser fauna: Cambrian (41). 

Weches Formation: Ostracoda (49). 

West Texas: Permian fauna (15). 
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